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(54) Hue: 4-ANILINOQUINAZOLINE DERIVATIVES 
(57) Abstract 

The invention relates to quinazoline derivatives 
I of formula (I) (wherein: R 1 represents hydrogen 
or methoxy, R 2 represents methoxy, ethoxy, 2- 
methoxyethoxy, 3-methoxypropoxy, 2-ethoxyethoxy, 
trifluoromethoxy. 2^,2-trifluoroethoxy, 2-hydroxyethoxy, 
3-hydroxypropoxy, 2^^meAylamino)ethoxy, 
3^^^iijnethylamino)im)poxy, 2-morphoUnoethoxy, 

3- imnpholinopropoxy, 4-morpholinobutoxy, 2- 
piperidinoethoxy, 3^>fperidtoopiopoxy, 4-piperidinobutoxy. 
2^irjer8zto.l.yl)ethoxy f Wpiperazin-l-yDpropoxy. 

4- (piperazin-l-yl)butoxy, 2K4-methylpiperazu>l-y!)ethoxy, 
H4-methylprperazifi-l-yl)rjfopoxy or 4^4-methylpiperazin- 
I-yl)butoxy; the phenyl group bearing (R^ is selected 

I ?TL^i" fl ^^l!^ X) ?^!!l yl ^t^n^l-tooiophtnyU 2,4difluorophenyl, 4^oro-2.fluorophenyl, 2-fluao^nethylphenyl, 
l^^!^^ yl 1 4 - b ^ 3 -Mroxyphenyl l 4.fluon>-3-hydroxyphenyl. 4cW«n.3.hydroxyphenyI, 3.hydroiy^r^y^henyl, 
^ytoxy^^oxyphenyl and ^y^-n^wophenyl); and salts thereof, processes for their preparation and phannaceutical I 
ccnipc^uons conteiiung a compound of formula (I) or a phannaceuttcally acceptable salt thereof as active ingredient The compounds of 

of VEGF, a property of value in the treatment of a number | 
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4-ANILIN0QUINAZ0LINE DERIVATIVES 



The present invention relates to quinazoline derivatives, processes for their 
preparation, pharmaceutical compositions conta ining them as active ingredient, methods for 
5 the treatment of disease states associated with angiogenesis and/or increased vascular 

permeability, to their use as medicaments and to their use in the manufacture of medicaments 
for use in the production of antiangiogenic and/or vascular permeability reducing effects in 
warm-blooded animals such as humans. 

Normal angiogenesis plays an important role in a variety of processes including 
10 embryonic development, wound healing and several components of female reproductive 
function. Undesirable or pathological angiogenesis has been associated with disease states 
including diabetic retinopathy, psoriasis, cancer, rheumatoid arthritis, atheroma, Kaposi's 
sarcoma and hemangioma (Fan et al, 1995, Trends Pharmacol. Sci. 16: 57-66; Folkman, 1995, 
Nature Medicine 1: 27-31). Alteration of vascular permeability is thought to play a role inborn 

1 5 normal and pathological physiological processes (Cullinan-Bove et al, 1 993, Endocrinology 
133: 829-837; Sengeretal, 1993, Cancer and Metastasis Reviews, 12: 303-324). Several 
polypeptides with in vitro endothelial cell growth promoting activity have been identified 
including, acidic and basic fibroblast growth factors (aFGF & bFGF) and vascular endothelial 
growth factor (VEGF). By virtue of the restricted expression of its receptors, the growth factor 

20 activity of VEGF, in contrast to that of the FGFs, is relatively specific towards endothelial 
cells. Recent evidence indicates that VEGF is an important stimulator of both normal and 
pathological angiogenesis (Jakeman et al, 1993, Endocrinology, 133: 848-859; Kolch et al, 
1995, Breast Cancer Research and Treatment, 36:139-155) and vascular permeability (Connolly 
etal, 1989, J. Biol. Chem. 264: 2001 7-20024). Antagonism ofVEGF action by sequestration 

25 of VEGF with antibody can result in inhibition of tumour growth (Kim et al, 1993, Nature 362: 
841-844). 

Receptor tyrosine kinases (RTKs) are important in the transmission of biochemical 
signals across the plasma membrane of cells. These transmembrane molecules 
characteristically consist of an extracellular ligand-binding domain connected through a 
30 segment in the plasma membrane to an intracellular tyrosine kinase domain. Binding of ligand 
to the receptor results in stimulation of the receptor-associated tyrosine kinase activity which 
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leads to phosphorylation of tyrosine residues on both the receptor and other intracellular 
molecules. These changes in tyrosine phosphorylation initiate a signalling cascade leading to a 
variety of cellular responses. To date, at least nineteen distinct RTK subfamilies, defined by 
amino acid sequence homology, have been identified. One of these subfamilies is presently 
5 comprised by the fms-like tyrosine kinase receptor, Fit or Fltl, the kinase insert 

domain-containing receptor, KDR (also referred to as Flk-1), and another fms-like tyrosine 
kinase receptor, Flt4. Two of these related RTKs, Fit and KDR, have been shown to bind 
VEGF with high affinity (DeVriesetal, 1992, Science 255: 989-991; Termanetal, 1992, 
Biochem. Biophys. Res. Comm. 1992. 187: 1579-1586). Binding of VEGF to these receptors 
1 0 expressed in heterologous cells has been associated with changes in the tyrosine 
phosphorylation status of cellular proteins and calcium fluxes. 

European Patent Publication No. 0326330 discloses certain quinoline. quinazoline 
and cinnoline plant fungicides. Certain of these plant fungicides are also stated to possess 
insecticidal and miticidal activity. There is however no disclosure or any suggestion that any 
15 of the compounds disclosed may be used for any purpose in animals such as humans. In 
particular, the European Patent Publication contains no teaching whatsoever concerning 
angiogenesis and/or increased vascular permeability mediated by growth factors such as 
VEGF. 

European Patent Publication No. 0566226 describes compounds having activity 
20 against epidermal growth factor (EGF) receptor tyrosine kinase. Whilst the compounds of the 
present invention fall within the broad general disclosure of EP 0566226, we have found, 
surprisingly, that the compounds of the present invention possess very good inhibitory activity 
against VEGF, a property nowhere disclosed in EP 0566226. Moreover compounds of EP 
0566226, outside the scope of the present invention, which have been tested, do not show 
25 significant inhibtory activity against VEGF receptor tyrosine kinase. 

The present invention is thus based on the discovery of compounds that surprisingly 
inhibit the effects of VEGF, a property of value in the treatment of disease states associated 
with angiogenesis and/or increased vascular permeability such as cancer, diabetes, psoriasis, 
rheumatoid arthritis, Kaposi's sarcoma, haemangioma, acute and chronic nephropathies, 
30 atheroma, arterial restenosis, autoimmune diseases, acute inflammation and ocular diseases 
with retinal vessel proliferation. Compounds of the present invention possess higher potency 
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against VEGF receptor tyrosine kinase whilst possessing some activity against EOF receptor 
tyrosine kinase. Furthermore, compounds of the present invention, possess substantially higher 
potency against VEGF receptor tyrosine kinase than against EOF receptor tyrosine kinase or 
FGF R 1 receptor tyrosine kinase. 

According to one aspect of the present invention there is provided a quinazoline 
derivative of the formula I: 



10 



(i) 



(wherein: 

R* represents hydrogen or methoxy; 

R J represents methoxy, ethoxy, 2-methoxyethoxy, 3-methoxypropoxy, 2-ethoxyethoxy 
15 trifluoromethoxy, 2,^-trifluoroethoxy, 2-hydroxyethoxy, 3 -hydroxy propoxy, 2-(N N- 
dimethylamino)ethoxy, 3-(N.N-dimethylamino)propoxy, 2-morpholinoethoxy, 3- 
morpholinopropoxy, 4-morpholinobutoxy, 2-piperidinoethoxy, 3.pi P eridinopropoxy 4- 
P»pendi„obutoxy, 2-(piperazin.l.yl)ethoxy, 3<piperazin-l-yl)p rop0 xy. 4<pi P era2in-I. 
yl)butoxy,2K4-memyl p iperazin.l-y|)emoxy,3-(4.m^ 
20 methyIpipcrazin-l.y|)butoxy; 

the phenyl group bearing Q\ is selected from: 2-fluoro-5-hydroxy P henyl, 4-bromo-2- 
fluorophenyl, ^fluorophenyl, 4<hloro-2-fluorophenyl, 2-fluoro-4-methylpheny], 2-fluoro- 
4-methoxyphenyl, 4-b ro mo-3-hydroxyphenyl. 4.fluorc3-hydroxyphenyl, 4-chlon>3- 
hydroxyphenyl, 3-hydroxy-4-methyiphenyl, 3.hydroxy^methoxyphenyl and 4-cyano-2- 
25 fluorophenyl); 

and salts thereof. 

R 1 is preferably methoxy. 
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Advantageously R2 represents methoxy, ethoxy, 2-methoxyethoxy, 3-methoxypropoxy, 
trifluoromethoxy, 2,2^-trifluoroethoxy, 2-hydroxyethoxy, 3-hydroxypropoxy, 2-<N,N-' 
dimethylamino)ethoxy, 3^N,N-dimethylamino)propoxy, 2-morphoIinoethoxy! 3- 
morpholinopropoxy, 2-piperidinoethoxy, 3-piperidinopropoxy, ^iperazin-l-yDethoxy or 3- 
5 (pipera2in-I-yl) pro poxy. Further advantageous values of R2 are 2-(4-methylpiperazin-I- 
yl)ethoxy and 3-(4-meroyIpiperazin-l -y|)p ro poxy. 

Preferably R> is methoxy, ethoxy, 2-methoxyethoxy, 3-methoxypropoxy. 2,2,2-trifluoroethoxy, 
2-hydroxyethoxy, 3-hydroxypropoxy, 2-(N,N-dimethylamino)ethoxy, 3-(N,N- 
dimethylamino) P ro P oxy, 2-morpholinoethoxy, 3-morpholinopropoxy, 2-pipcridinoethoxy, 3- 
10 Piperidinopropoxy^-Cpiper^^ 

preferred values of R2 are 2-(4-methyl P ipera2in-l- y l)ethoxy and 3-(4-methylpiperazin-l- 
yOpropoxy. 

More preferably R' is 2-methoxyethoxy, 2-hydroxyethoxy, 3-(N,N-dimethylamino) P ropoxy. 2- 
morpholinoethoxy, 3-morpholinopropoxy or S-Cpiperazin-l-yDpropoxy, and additional more 
15 preferred values of R> are 2-(4-methyl P i P era 2 in-l-yI)ethoxy and 3-<4-memylpiperazin-l- 
yl)propoxy. 

Particularly preferred values of R> are 2-methoxyethoxy, 2-morpholinoethoxy, 3- 

morpholinopropoxy and 2-(4-methyl P i P erazin-l-yl)ethoxy. 

Especially preferred values of R2 are 2-methoxyethoxy and 3-morpholinopropoxy. 
20 In a particular aspect of the invention the phenyl group bearing (R J ), is selected from: 2- 

fluoro-5-hydroxyphenyl, 4-bromo-2-fluorophenyl, 2,4-difluorophenyl, 4-chloro-2- 

fluorophenyl, 2-fluoro-4-methylphenyl, 2-nuoro-4-rnethoxyphenyl, 4-bromo-3- 

hydroxyphenyl, 4-fluoro-3-hydroxyphenyl, 4«hloro-3-hydroxyphenyl, 3-hydroxy-4- 

methylphenyl and 3-hydroxy-4-methoxyphenyl. 
25 The phenyl group bearing (R J ), is preferably 3-hydroxy-4-methylphenyl or 4-chloro-2- 

fluorophenyl especially 4-chloro-2-fluorophenyl. A further especially preferred value for the 
phenyl group bearing (Rafc is 4-bromo-2-nuorophenyl. 
Preferred compounds are 

4-(4-chloro-2-fluoroaniUno)-7-{2-methoxyethoxy)quinazoline, 
30 6.7-dimemoxy-4-(2-nuoro-5.hydroxyarulino)quiria2oline, 
4K4-chloro-3-hydroxyanilino)-6,7-dimethoxyquinazoline, 
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4^hloro-2-fluoroanilino>6-methoxy-7^2- m ethox y ethoxy)quina2oline, 
4<4<hIoro-2.fluoroaiulino>6J^iinc!hoxyquina2oline, 

^hloro-2-fluoroani^^^ 
5 4 ^Woro-2-fluoroamImo^^ 

4K3-hydroxy^ m e%lanilino)-6-methoxy-7^2-meihoxyetho^ 
and salts thereof especially hydrochloride salts thereof, 
and other preferred compounds are 

10 ^4-bromo-2-nuoroamlino)-6,7Klimethoxyqdna2oline, 

4^2-fluoro^methylaiiiluioH,7^iinethoxyquinazoltne, 

6J^imethoxy-K3.hydroxy^.raethylanilino)quinazoline, 
4^4-b ro mo-2-fluo ro amlino^ 

4-(2-nuoro^methylanilino)^methoxy-7<2-methoxyem^^^^ 

15 4 K3-hydxoxy^me%lamliiK>).7K2-methoxyethoxy)quin^^^ 

4-(4^hlorc-2.fluoroaniU„o)^methoxy.7^4.me^^ 
^^"^-fluoroam^ 

4K4-chlorc-2-fluo ro anilinoH<3-morpholinoproi)oxy)quin^^ 
4 ^™-2-fluo^ 

20 4 ^Worc-2-fluoro^^ 

4 < 4 ^>°n>-2-fluoroam^^^ 

4 ^W°^2.nuo,oan^^ 

25 H4«hJo,o-2-nuoroanH^^ 

and salts thereof especially hydrochloride salts thereof. 
More preferred compounds are 

4K4<hloro-2-nuoioanilino>7<2.methoxyethoxy)quina 2 oline, 
30 ^hloro-2-fluoroanil^^ 

4-(4^hloro-2-fluoroanilino)-6,7-dimethoxyquina2oline, 
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^^2-fluoroaiul^^ 

4<4s:hloro-2.nuoroaniIino)^methoxy.7K2-moipholinoe^^ 
^ 4 « W <*>-2-fluor^ 

5 ^ytoxy^meu^^^ 

^ 4 - b ™io-2-fluon^^ ' 

4^2-nuoro^methyIanilino)^methoxy.7K2- m ethoxyethoxy)quina^^ 
4K3-hydroxy^- m ethylaniIino)-7<2-methoxyethoxy)quina2olinc, 

10 4 ^™-2-fluo,oa^ 
^hloro^uoroan^^ 
4 < 4 ^°-2-fluo ro anilm^^^ 

4<4-chlon>-2-nuoroanilino).6-mechoxy.7-(3-meihoxypropoxy) q ui^ 
4<4^hloro-2-fl U oroanilino>6.methoxy.7^2-ethoxyethoxy)qm^ 
15 ^Wo^fluoroanilmoH^-hy^xyethoxy^me 

^""^-fluoroan^ 
^^^-fluoroamlino^^ 
^^-^^ 
20 and salts thereof especially hydrochloride salts thereof. 
Particularly preferred compounds are 
4^hloro-2.nuo ro anilin^^^ 
4K4«hlo ro -2-fluoroaml^^ 

4K4^hloio-2-nuoroanilinoHJ.dimethoxyqwnazoiuie, 
25 4 ^Woro-2-fluoroan^^ 

^W^-Auo^ 

4K4.chIoro-2-fluoroanilmo)^methoxy.7<3-mor P holinopropoxy^ 

and salts thereof especially hydrochloride salts thereof, other particularly preferred 

compounds are 
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^ b ™>°-2-fluoroarui™^ 
4 ^ bro ^2-fluoroaml mo ^ 

4^4-bromo-2-nuoroaniIino)^methoxy-7^2-morphoIi n oethoxy)quinazoIine 
and salts thereof especially hydrochloride salts thereof. 
5 More particularly preferred compounds are 
4<4«hloro-2-fluoroajiainoHK2™ 
4-(4^hloro-2-fluoroa^^ 
^"'oro^-Huoro^ 
^Wo^-fluoro™^^ 
10 4 ^h»°">-2^^ 

4^4-bromo-2-fluoroamlmo^ 

^^"^-fluoro^ 
^""to-*^^^ 

and salts thereof especially hydrochloride salts thereof. 
Especially preferred compounds are 
4^hloro-2- fl uoroanili^ 

4<4^Woro-2-fluoroaj M lino^ 
20 4 ^Woro-2-fluoroam^^ 
4K4-bromo.2-fluoroamli^^ 

^ 4 - b ™«>-2-fluoro^ 
^ brom -2-fl^^ 

^ 4 - b ™<>-2-fl^^ 

and salts thereof especially hydrochloride salts thereof. 
More especially preferred compounds are 
4^Woro.2-nuoro^^ 

4^hloro-2.fluoroarulino)^methoxy-7K3-mo^ 
30 4^Woro-2-fluoroanil^^ ' 

4-(4^hlo ro -2-fluoroanilino)-6-meuSoxv^^ 
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^bn>n»o-2-fluoroaiulu^^^ 

and salts thereof especially hydrochloride salts thereof, of which 

4<4^Woro-2^uoroamlino)^metho^^ 

4<4^Woro-2-fluo ro anil^ 

5 and salts thereof especially hydrochloride salts thereof are preferred. 

For the avoidance of doubt it is to be understood that where in this specification a 
group is qualified by 'hereinbefore defined' or 'defined hereinbefore' the said group 
encompasses the first occurring and broadest definition as well as each and all of the preferred 
definitions for that group. 

10 In this specification the term "alkyl" includes both straight and branched chain alkyl 

groups but references to individual alkyl groups such as "propyl" are specific for the straight 
chain version only. An analogous convention applies to other generic terms. Unless otherwise 
stated the term "alkyl" advantageously refers to chains with 1-6 carbon atoms, preferably 1-4 
carbon atoms. 

I* In this specification the term "alkoxy" means an alkyl group as defined hereinbefore 

linked to an oxygen atom. 

In this specification the term "aryl" includes C«. l0 aromatic groups which may, if 
desired, carry one or more substituents selected from halogeno, alkyl, alkoxy, cyano, nitro or 
trifluoromethyl (wherein alkyl and alkoxy are as hereinbefore defined). The term "aryloxy" 
20 means an aryl group as defined hereinbefore linked to an oxygen atom. 

In this specification the term "sulphonyloxy" includes alkylsulphonyloxy and 
arylsulphonyloxy wherein "alkyl" and "aryl" are as defined hereinbefore. 

In formula I, as hereinbefore defined, hydrogen will be present at positions 2, 5 and 8 
of the quinazoline group. 

25 Within the present invention it is to be understood that a quinazoline of the formula I 

or a salt thereof may exhibit the phenomenon of tautomerism and that the formulae drawings 
within this specification can represent only one of the possible tautomeric forms. It is to be 
understood that the invention encompasses any tautomeric form which inhibits VEGF receptor 
tyrosine kinase activity and is not to be limited merely to any one tautomeric form utilised 

30 within the formulae drawings.. 
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It is also to be understood that certain quinazolines of the formula I and salts thereof 
can ex,* in solvated as well as unseated forms such as, for example, hydrated forms. It is to 
be understood that the invention encompasses all such solvated forms which inhibit VEOF 
receptor tyrosine kinase activity. 

5 The present invention relates to the compounds of formula I as hereinbefore defined 

as well as to the salts thereof. Salts for use in phamraccutical compositions will be 
ptaumacmically acceptable salts, but orher sdts may be useful in the pmduction of the 
compounds of formula I and their pharmaceutical* acceptable salts. Phannacemically 
acerbic sal* of the invemion may. for exampic. include acid addition salts of ft, compounds 
<0 of formula 1 as hereinbefore defined which are sufficiently basic to form such sal,, subacid 
addttton salts include for exunple salts with illOTemic „ organic Kkk 
pl-mmceuticnHy nc^pmbre anions such as with hydrogen taudes (esp^ially hydrochIoric „ 
hydrobretnic aeid of which hydrochloric acid is pt.ricul.rly preferred) or with sulphuric or 
^horicacid.orvdm tffluoroaMlic , cjllicoIma|ei . cacM m ^ ^ ^ 

of formula I .re sufficiently acidic, phamuuteuriodly acceptable salts may be formed widt an 
■norguttc or organic base which affotds a pharmaceutical* accepmbl, canon. Such salts with 
tnorgamc or organic bases include for example an alkali metal salt, such as a sodium or 
PO^ ^ an alkaline earth m«al sal, such as a calcium or magnesium salt an ammonium 
a* or for example . ad, with mefoylamin,. dimcthylamine. uimethylamine, pip^ine 
20 morpholine or tris-(2.hydroxyethy!)amine. 

A compound of the formula I, or salt thereof, and other compounds of the invention 
(as heretnafter defined) may be prepared by any precess known to be applicable ,o the 
P*P»mion ofchemically-related compounds. Such processes include, for example, those 
™" " EUropean PUm Applications, Publication Nos. 0520722. 0566226, 060285. and 
0635498. Such processes, are provided as a former feature of the tnvention and are as 
desenbed hereinafter. Necessary starring materials may be obtained by stands™ prxcdms of 
orgamc chenusoy. The prepamtion of such taming materials is described within the 
accompanying non . limitingExanlp|es AltermuivCy neceasuy sorting materia are 
ob^le by analogous procedures u, those nhmmfod which are wtthit, Ore ordinary ski., of an 
30 orgamcxhemist. 
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Tmis the following processes (a) to (e) and (i) to (v) constitute further features of the 
present invention. 

Synthesis of Comnounrfy of F^.w, j 

(a) Compounds of the formula I and salts thereof may be prepared by the reaction of a 
compound of the formula HI: 



10 



L 1 



15 



(HI) 



(wherein R' and R 2 are as defined hereinbefore and V is a displaceable moiety), with a 
compound of the formula IV: 

20 




25 

(IV) 

(wherein R 2 is as defined hereinbefore) whereby to obtain compounds of the formula I and salts 
thereof. A convenient displaceable moiety L' is, for example, a halogeno. alkoxy (preferably 
30 C u alkoxy). aryloxy or sulphonyloxy group, for example a chloro, bromo, methoxy, phenoxy, 
methanesulphonyloxy or toluene-4-sulphonyloxy group. 



WO 97/32856 PCT/GB97/00550 

-II- 

The reaction is advantageously effected in the presence of either an acid or a base. 
Such an acid is, for example, an anhydrous inorganic acid such as hydrogen chloride. Such a 
base is, for example, an organic amine base such as, for example, pyridine, 2,6-lutidine, 
collidine, 4^imethylaminopyridine, triethylamine, morpholine, N-methylmorpholine or 
5 diazabicyclo[5.4.0]undec-7^ne, or for example, an alkali metal or alkaline earth metal 
carbonate or hydroxide, for example sodium carbonate, potassium carbonate, calcium 
carbonate, sodium hydroxide or potassium hydroxide. Alternatively such a base is, for 
example, an alkali metal hydride, for example sodium hydride, or an alkali metal or alkaline 
earth metal amide, for example sodium amide or sodium bis(trimethylsilyl)amide. The reaction 
1 0 is preferably effected in the presence of an inert solvent or diluent, for example an alkanol or 
ester such as methanol, ethanol, isopropanol or ethyl acetate, a halogenated solvent such as 
methylene chloride, trichloromethane or carbon tetrachloride, an ether such as tetrahydrofinan 
or 1 ,4-dioxan, an aromatic hydrocarbon solvent such as toluene, or a dipolar aprotic solvent 
such as N,N^imethylfonnamide, N,N-dimethylacetamide, N-methylpyrrolidin-2-one or 
15 dimethylsulphoxide. The reaction is conveniently effected at a temperature in the range, for 
example, 10 to 150°C, preferably in the range 20 to 80»C. 

The compound of the invention may be obtained from this process in the form of the 
fiee base or alternatively it may be obtained in the form of a salt with the acid of the formula 
H-L' wherein L' has the meaning defined hereinbefore. When it is desired to obtain the free 
20 base from the salt, the salt may be treated with a base as defined hereinbefore using a 
conventional procedure. 

(b) Where the group of formula II: 



25 

— n (rJ)2 



(II) 



(wherein R> is as hereinbefore defined) represents a phenyl group carrying a hydroxy group, a 
30 compound of the formula I and salts thereof can be prepared by the deprotection of a compound 
of formula V: 
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YV^n 



(V) 



10 (wherein R , R 1 and R 1 are as hereinbefore defined and f represents a phenoHc hydro,, 
proving group). The choice of phenolic hydroxy proMcting „ P U within the stenrtad 
knowledge of an organic chemist, for ample ^ fa ^ ^ ^ 

"Protective Cmups i„ chg«U c Synthesis" T.W. CW and R.G.M.Wuts, 2nd Ed Wiley 1991 
'"^^(^.xtunple.nteu^^ 

exaa.pl., .-bu.yldipho.ylai.yl and .-hnyldunwhylsilyi), eaen (for example, acetate and 
benzoa.) and carbonate (for example. me*yl and Unzyl). The removal of such a phenolic 
hydraxy proKcting group may be effected by any of the procedures know, f„ r ^ a 

incl,rii "« *<« ""iO" conditions fadicated in standard texts such as dun 
mdtcated hereinbefore, or by a related pmcedure. The ^on conditions preferably being 
20 such .ha, hydroxy derivative is produced without unwanted reactions a. otiter sites within 
the stertmg or product compounds. For examph , ^ ^ protec(ing ^ p fe ^ 
ttansformanon may convernentiy be effected by treatment of the aumazoltae tterivauv. with a 
base as defined hereinbefore and including ammonia, and its mono and di-alkylared derivatives, 
P*^"'* prince of. ,»otic solvent o^^ 

cxampiemeuranoureuranol. Such a reaction c*n be effected in the presence of ar, additional 
mm solven, or diluent as defmed hereinbefore and m a temperas in fte rang. 0 tt, 50'C. 
conveniently at about 20°G 



(c) Production of compounds of formula I and salts thereof can be achieved by the 
reaction, conveniently in the presence of a base as defined hereinbefore, of a compound of the 
30 formula VI: 
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HO 



(VI) 

(wherein R 1 and R 3 are as hereinbefore defined) with a compound of formula VII: 



10 

(VII) 



R 4 -L' 



(wherein L 1 is as hereinbefore defined and R 4 is methyl, ethyl, 2-methoxyethyl, 3- 
methoxypropyi, 2-ethoxyethyl, trifluoromethyl, 2A2^fluoroethy|, 2-hydroxyethyl, 3- 
1 5 hydroxypropyl, 2<N,N^emylammo)etliyl, 3.(N^memylajnino)propyl, 2- 
morphoiinoethyl, 3-morpholinopropyl, 4-morpholinobutyl, 2-piperidinoethyl, 3- 
piperidinopropyl, 4-piperidinobutyl, 2-(piperazin-l.yl)ethyl, 3«pipera2in-l-yl)propyl, 4- 
(piperazin-l-y|)butyl, ^methylpiperarin-l-yl^thyl, S^methylpiperazin-l-yDpropyl or 4- 
(^methylpipemin-l-yDbutyl); L 1 is a displaceable moiety for example a halogeno or 
20 sulphonyloxy group such as a bromo or methanesulphonyloxy group. The reaction is 
preferably effected in the presence of a base (as defined hereinbefore in process (a)) and 
advantageously in the presence of an inert solvent or diluent (as defined hereinbefore in process 
(a)), advantageously at a temperature in the range, for example 10 to 1 50«C, conveniently at 
about 50°C. 

25 (d) Compounds of the formula I and salts thereof may be prepared by the reaction of a 
compound of the formula VIII: 
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with a compound of the formula IX: 
10 R'-H 



(VIII) 



(IX) 



(wherein L\ R\ R> and R' are all as hereinbefore defined). The reaction may conveniently be 
effected in the presence of a base (as defined hereinbefore in process (a)) and advantageously in 
the presence of an inert solvent or diluent (as defined hereinbefore in process (a)), 

15 advantageously at a temperature in the range, for example lOto 1 50'C. conveniently at about 
100°C. 

(e) Compounds of the formula I and salts thereof wherein R* is R'C.^alkoxy, in 
particular R5C,. 3 alkoxy, (wherein R J is selected from methoxy, ethoxy, hydroxy. N£- 
dimethylamino, morpholino, piperidino, piperazin-l-yl or 4-methylpipemzin-l-yl) may be 
20 prepared by reacting a compound of the formula X: 




jO" <r3)2 



(X) 



25 (wherein L\ R 1 and R> are as hereinbefore defined and R' is C M alkoxy, i n particular C,. 
3alkoxy) with a compound of the formula XI: 
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R'-H (XI) 

(wherein R' is as defined hereinbefore) to give a compound of the formula I. The reaction may 
5 conveniently be effected in the presence of a base (as defined hereinbefore in process (a)) and 
advantageously in the presence of an inert solvent or diluent (as defined hereinbefore in process 
(a)), and at a temperature in the range, for example 0 to I50*C, conveniently at about 50X. 
Synthesis nfi^^AU*^ 

(i) Compounds of formula III and salts thereof constitute a further feature of the present 
10 invention. Such compounds in which L' is halogeno may for example be prepared by 
halogenating a compound of the formula XII: 



15 




(XII) 

(wherein R» and R J are as hereinbefore defined). 

20 Convenient halogenating agents include inorganic acid halides, for example thionyl 

chloride, phosphorus(UI)chloride, phosphorus(V)oxychloride and phosphorus(V)chloride. The 
halogenation reaction is conveniently effected in the presence of an inert solvent or diluent such 
as for example a halogenated solvent such as methylene chloride, trichloromethane or carbon 
tetrachloride, or an aromatic hydrocarbon solvent such as benzene or toluene. The reaction is 

25 conveniently effected at a temperature in the range, for example 10 to 150°C, preferably in the 
range 40 to 100°C. 

Tlie compounds of formula XII and salts thereof which constitute a further feature of 
the present invention may for example be prepared by reacting a compound of the formula XIII: 
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NH 



L 



(xni) 



(wherein R' and L 1 are as hereinbefore defined) with a compound of the formula IX as 
hereinbefore defined. The reaction may conveniently be effected in the presence of a base (as 
defined hereinbefore in process (a)) and advantageously in the presence of an inert solvent or 
10 diluent (as defined hereinbefore in process (a)), advantageously at a temperature in the range, 
for example 10 to 1 50°C, conveniently at about 100°C. 

The compounds of formula XII and salts thereof may also be prepared by cyclising a 
compound of the formula XIV: 



15 




(XIV) 



20 



(wherein R' and R 2 are as hereinbefore defined, and A' is an hydroxy, alkoxy (preferably 
C M alkoxy) or amino group) whereby to form a compound of formula XII or salt thereof. The 
cyclisation may be effected by reacting a compound of the formula XIV, where A 1 is an 
hydroxy or alkoxy group, with formamide or an equivalent thereof effective to cause 

25 cyclisation whereby a compound of formula XII or salt thereof is obtained, such as [3- 
(draemylaimno>2-azaprop-2-enylidene]dimemylammonium chloride. The cyclisation is 
conveniently effected in the presence of formamide as solvent or in the presence of an inert 
solvent or diluent such as an ether for example 1,4-dioxan. The cyclisation is conveniently 
effected at an elevated temperature, preferably in the range 80 to 200°C. The compounds of 

30 formula XII may also be prepared by cyclising a compound of the formula XIV, where A 1 is an 
amino group, with formic acid or an equivalent thereof effective to cause cyclisation whereby a 



• 17- 

compound of fommh XII o, sal. fhemof is chained. Equivalents .f foraiic acid efftclive „ 
— cycli^on include for example a tri-C^aixoxymethane. for example triethoxymeu^ne 
and fnmethoxymefhane. The eyefisauoa i, conveniently effected in the presence of. ca.alv.ic 
anroun, of an hydrous acid, such as a sulphonic acid for example p-,oluenesulphonic acid 
and m fte presence of an inert solve* ordiluem such as for example ahalogenafed solvent 
such as mtnhylene chloride, uichloromethane or carbon tetmchloride, an eu»r such as 
dte.hyle.her or .euahyd^fi™, or an aromatic hydrocartton solvent such a, toluene Tie 
cycl,sa,,„„ is convenient* effect a, a tempemure in me range, for example fO.olOOX 
preferably in the range 20 to 50*C. 

'0 Compounds of formula XIV and salts .hereof, which constitute a further feature of 

.be present invention, may for example be prepared by the rrfucnon of me nitro group ■„ , 
compound of the formula XV: 



IS 




20 



(XV) 



(whe™, R', R 1 and A 1 are as hereinbefore defined) to yield a compound offormula XTV as 
ta«M» defined. The reduction of.be nitro group may conveniendy be effected by an, of 
*e procedures taown for such a transformation. The reduction may be carried ouUor 
example, by the hydrogen^ of. solution of.be nitro compound in the presence of an inert 
25 solvent or diluen. as defined hereinbefore in the presence of, meal effective to caalyse 
hyebogenation reactions such as palfadium or platinum. A further reducing agent is for 
«*np.e, an activaud meuusuchas activated iron (produced for exaatple by washing iron 
powder wtu. a dilutt solution of an acid such as hydrocWoric acid). Thus, for example th. 
Auction may be effected by heating the nitio compound and the activatod metal in the' 
presence of a solvent or diluen, such as a mixture of water and alcohol, for example methasto, 
or .that*., to a temperature in the range, for example 50 to . 50-Q conveniently a. about 70-C 
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Compounds of the formula XV and salts thereof which constitute a further feature of 
the present invention, may for example be prepared by the reaction of a compound of the 
formula XVI: 



A- 

10 



(XVI) 



(wherein R\ L' and A 1 are as hereinbefore defined) with a compound of the formula IX as 
hereinbefore defined to give a compound of the formual XV. The reaction of the compounds 
of formulae XVI and IX is conveniently effected under conditions as described for process (d) 
15 hereinbefore. 

Compounds of formula XV and salts thereof, may for example also be prepared by 
the reaction of a compound of the formula XVII: 



20 




(XVII) 

25 (wherein R 1 and A 1 are as hereinbefore defined) with a compound of the formula VII as 

hereinbefore defined to yield a compound of formula XV as hereinbefore defined. The reaction 
of the compounds of formulae XVII and VII is conveniently effected under conditions as 
described for process (c) hereinbefore. 

The compounds of formula III and salts thereof may also be prepared for example by 

30 reacting a compound of the formula XVIII: 
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(xvm) 

(wherein R' is as hereinbefore defined and L' represents a displaceable protecting moiety) with 
5 a compound of the formula VII as hereinbefore defined, whereby to obtain a compound of 
fonnula in in which L' is represented by L 2 . 

A compound of formula XVIII is conveniently used in which L* represents a phenoxy 
group which may if desired carry up to 5 substituents, preferably up to 2 substituents, selected 
from halogeno, nitro and cyano. The reaction may be conveniently effected under conditions as 
10 described for process (c) hereinbefore. 

The compounds of formula XVIII and salts thereof as hereinbefore defined may for 
example be prepared by deprotecting a compound of the formula XIX: 



15 

P-O 




(XIX) 

20 

(wherein R\ P and V are as hereinbefore defined). Deprotection may be effected by techniques 
well known in the literature, for example where P represents a benzyl group deprotection may 
be effected by hydrogenolysis or by treatment with trifluoroacetic acid. 

One compound of formula III may if desired be converted into another compound of 
25 fonnula III in which the moiety L' is different. Thus for example a compound of formula III in 
wmch L' is other than halogeno, for example optionally substituted phenoxy, may be converted 
to a compound of formula III in which L' is halogeno by hydrolysis of a compound of formula 
m (m wh,ch L' is other than halogeno) to yield a compound of fonnula XII as hereinbefore 
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defined, followed by introduction of halide to the compound of formula XII, thus obtained as 
hereinbefore defined, to yield a compound of formula III in which L 1 represents halogen. 

(ii) The compounds of formula V and salts thereof, constitute a further feature of the 
present invention, and may for example be prepared by the reaction of a compound of formula 
5 HI as hereinbefore defined with a compound of the formula XX: 




NH, 

10 

(XX) 

(wherein R 1 and P are as hereinbefore defined). The reaction may for example be effected as 
described for process (a) hereinbefore. 
1 S The compounds of formula V and salts thereof may also be prepared by reacting a 

compound of formula XXI: 




(XXI) 

20 

(wherein R\ L\ R 3 and P are as hereinbefore defined) with a compound of formula IX as 
hereinbefore defined. The reaction may for example be effected as described for process (d) 
above. 

The compounds of formula V and salts thereof may also be prepared by reacting a 
25 compound of formula XXII: 
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HO' ^ 

(XXII) 



(wherein R», R> and P are as hereinbefore defined) with a compound of the fonnula VII as 
10 hereinbefore defined. The reaction may for example be effected as described for P rocess(c) 



hereinbefore. 



The compounds of formula XXI and salts thereof may for example be prepared by 
reaction of a compound of formula XXIII: 



15 <-' 



(XXIII) 

20 

(wherein R' and L 1 are as hereinbefore defined, and L' in the 4- and 7- positions may be the 
same or different) with a compound of the fonnula XX as hereinbefore defined. The reaction 
may be effected for example by a process as described in (a) above. 

Compounds of the formula XXII and salts thereof may be made by reacting 
25 compounds of the formulae XIX and XX as hereinbefore defined, under conditions described in 
(a) hereinbefore, to give a compound of formula XXIV: 
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HN 



A- 



OP 



5 



P-0 



(XXIV) 



(wherein R\ R 1 and P are as hereinbefore defined) and then deprotecting the compound of 
1 0 formula XXIV for example as described in (i) above. 

(iii) Compounds of the formula VI as hereinbefore defined and salts thereof may be made 
by deprotecting the compound of formula XXV: 



(wherein R', R J and P are as hereinbefore defined) by a process for example as described in (i) 



Compounds of the formula XXV and salts thereof may be made by reacting 
compounds of the formulae XIX and IV as hereinbefore defined, under the conditions described 
in (a) hereinbefore, to give a compound of the formula XXV or salt thereof. 

(iv) Compounds of the formula VIII and salts thereof as hereinbefore defined may be 
made by reacting compounds of the formulae XXIII and IV as hereinbefore defined, the 
reaction for example being effected by a process as described in (a) above. 

(v) Compounds of the formula X as defined hereinbefore and salts thereof may for 
example be made by the reaction of a compound of formula VI as defined hereinbefore with a 
compound of the formula XXVI: 



15 




(XXV) 



20 



above. 
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L'-R'-L' 

(XXVI) 

5 (wherein L 1 and R 4 are as hereinbefore defined) to give a compound of the formula X 11* 
reacuon may be effected for example by a process as described in (c) above. 

Compounds of the formula X and salts thereof may also be made for example by 
deprotecting a compound of the formula XXVII: 



10 



(XXVII) 

(**L',R', R '.R^,« BdeWtatte(m)|Tii<wo!(br 
described in (b) above. 

" Compounds of the fom.uK, XXVH and salts thereof may be ^ for examp|e . 

rtaCUn8 C ° mp0,nds of fc *— XXil 1 XXVI as defined ***** under lhe 
conditions described in (c) above. 

W» . Pharmaceutical* acceptable sal. of a compound of the formula I is required 
may «* obtained, for exampfe, by reaction ofsaid compound with, for examp.e. an acid using 
20 a coovenuonal procodun, the acid bavin, . pharmaceutical., acceptable anion. 

M«W of the taennediates defined h«in are novel, for example, those of the 
^ '"• V> MV - ™. - *- - P-vided as a further feature of the invention 
Intermediate* of the formutae VI, VIII, X XXI. XXII. XXIV, XXV and XXVII are 
also provided as a further feature of the invention. 

IT* identification of compounds which potently inhibit the IyK ,sine khurse activity 
-ctated ^ * VEOF receptors such as P„ and/or KDR and which inhibit a^J^ 
»d,or mereased vascular pemreabUity is durable and is me subject of the present mvemio. 



25 
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These properties may be assessed, for example, using one or more of the procedures set out 
below: 



(a) In Vitro Receptor Tyrosine Kinase Inhibition Test 
5 This assay determines the ability of a test compound to inhibit tyrosine kinase 

activity. DNA encoding VEGF or epidermal growth factor (EG?) receptor cytoplasmic 
domains may be obtained by total gene synthesis (Edwards M, International Biotechnology Lab 
5(3). 19-25, 1987) or by cloning. These may then be expressed in a suitable expression system 
to obtain polypeptide with tyrosine kinase activity. For example VEGF and EGF receptor 
10 cytoplasmic domains, which were obtained by expression of recombinant protein in insect cells, 
were found to display intrinsic tyrosine kinase activity. In the case of the VEGF receptor Fit 
(Genbank accession number X51602), a l.7kb DNA fragment encoding most of the 
cytoplasmic domain, commencing with methionine 783 and including the termination codon, 
described by Shibuya et al (Oncogene, 1990, 5: 519-524), was isolated from cDNA and cloned 
15 into a baculovirus transplacement vector (for example pAcYMl (see The Baculovirus 
Expression System: A Laboratory Guide, L.A. King and R. D. Possee, Chapman and Hall, 
1992) or P Ac360 or pBIueBacHis (available from Invitrogen Corporation)). This recombinant 
construct was co-transfected into insect cells (for example Spodoptera frugiperda 21(Sf2l)) 
with viral DNA (eg Pharmingen BaculoGold) to prepare recombinant baculovirus. (Details of 

20 the methods for the assembly of recombinant DNA molecules and the preparation and use of 
recombinant baculovirus can be found in standard texts for example Sambrook et al, 1989, 
Molecular cloning - A Laboratory Manual, 2nd edition, Cold Spring Harbour Laboratory Press 
and O'Reilly et al, 1992, Baculovirus Expression Vectors - A Laboratory Manual, W. H. 
Freeman and Co, New York). For other tyrosine kinases for use in assays, cytoplasmic 

25 fragments starting from methionine 806 (KDR, Genbank accession number L04947) and 
methionine 668 (EGF receptor, Genbank accession number X00588) may be cloned and 
expressed in a similar manner. 

For expression of cFlt tyrosine kinase activity, Sf21 cells were infected with plaque- 
pure cFlt recombinant virus at a multiplicity of infection of 3 and harvested 48 hours later. 

30 Harvested cells were washed with ice cold phosphate buffered saline solution (PBS) (lOmM 
sodium phosphate pH7.4, 138mM NaCI, 2.7mM KC1) then resuspended in ice cold 
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HNTG/PMSF (20mM Hepes pH7.5, 150mM NaCI, 10% v/v glycerol, 1% v/v Triton X100, 
1.5mM MgClj, ImM ethylene gIycol-bis(Paminoethyl ether) N^NNN^tetraacetic acid 
(EGTA), ImM PMSF (phenylmethylsulphonyl fluoride); the PMSF is added just before use 
from a freshly-prepared lOOraM solution in methanol) using 1ml HNTG/PMSF per 10 million 
5 cells. The suspension was centrifoged for 10 mmm^ 

(enzyme stock) was removed and stored in aliquots at -70«C. Each new batch of stock enzyme 
was titrated in the assay by dilution with enzyme diluent (lOOmM Hepes pH 7.4, 0.2mM 
Na,V0 4 , 0. 1% v/v Triton X100, 0.2mM dithiothreitol). For a typical batch, stock enzyme is 
diluted 1 in 2000 with enzyme diluent and 50^1 of dilute enzyme is used for each assay well. 
10 A stock of substrate solution was prepared from a random copolymer containing 

tyrosine, for example Poly (Glu, Ala, Tyr) 6:3:1 (Sigma P3899), stored as 1 mg/ml stock in 
PBS at -20°C and diluted 1 in 500 with PBS for plate coating. 

On the day before the assay lOOuJ of diluted substrate solution was dispensed into all 
wells of assay plates (Nunc maxisorp 96-well immunoplates) which were sealed and left 
15 overnight at 4°C. 

On the day of the assay the substrate solution was discarded and the assay plate wells 
were washed once with PBST (PBS containing 0.05% v/v Tween 20) and once with 50mM 
Hepes pH7.4. 

Test compounds were diluted with 10% dimethylsulphoxide (DMSO) and 25ul of 
20 diluted compound was transferred to wells in the washed assay plates. "Total" control wells 
contained 10% DMSO instead of compound. Twenty five microlitres of 40mM MnCl 2 
containing 8uM adenosine-5 '.triphosphate (ATP) was added to all test wells except "blank- 
control wells which contained MnCl, without ATP. To start the reactions 50ul of freshly 
diluted enzyme was added to each well and the plates were incubated at room temperature for 
25 20 minutes. The liquid was then discarded and the wells were washed twice with PBST. One 
hundred microlitres of mouse IgG anti-phosphotyrosine antibody (Upstate Biotechnology Inc. 
product 05-321), diluted 1 in 6000 with PBST containing 0.5% w/v bovine serum albumin 
(BSA), was added to each well and the plates were incubated for I hour at room temperature 
before discarding the liquid and washing the wells twice with PBST. One hundred microlitres 
30 of horse radish peroxidase (HRP)-linked sheep anti-mouse Ig antibody (Amersham product 
NXA 931), diluted 1 in 500 with PBST containing 0.5% w/v BSA, was added and the plates 
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were incubated for 1 hour at room temperature before discarding the liquid and washing the 
wells twice with PBST. One hundred microlitres of 2^*-azino-bis(3-ethylbenzthiazoIine-6- 
sulphonic acid) (ABTS) solution, freshly prepared using one 50mg ABTS tablet (Boehringer 
1204 521) in 50ml freshly prepared 50mM phosphate-citrate buffer pH5.0 + 0.03% sodium 
5 perborate (made with 1 phosphate citrate buffer with sodium perborate (PCSB) capsule (Sigma 
P4922) per 1 00ml distilled water), was added to each well. Plates were then incubated for 20- 
60 minutes at room temperature until the optical density value of the "total" control wells, 
measured at 405nm using a plate reading spectrophotometer, was approximately 1.0. "Blank" 
(no ATP) and "total" (no compound) control values were used to determine the dilution range 
10 of test compound which gave 50% inhibtion of enzyme activity. 

(b) In Vitro HUVEC Pr oliferation Assay 

This assay determines the ability of a test compound to inhibit the growth factor- 
stimulated proliferation of human umbilical vein endothelial cells (HUVEC). 

1 5 HUVEC cells were isolated in MCDB 1 3 1 (Gibco BRL) + 7.5% wv foetal calf serum 

(FCS) and were plated out (at passage 2 to 8), in MCDB 131+2% v/v FCS + 3ug/ml heparin + 
1 ug/ml hydrocortisone, at a concentration of 1 000 cells/well in 96 well plates. After a 
minimum of 4 hours they were dosed with the appropriate growth factor (i.e. VEGF 3ng/ml, 
EGF 3ng/ml or b-FGF 0.3ng/ml) and compound. The cultures were then incubated for 4 days 

20 at 37°C with 7.5% C0 2 . On day 4 the cultures were pulsed with 1 uCi/well of tritiated- 

thymidine (Amersham product TRA 61) and incubated for 4 hours. The cells were harvested 
using a 96-well plate harvester (Tomtek) and then assayed for incorporation of tritium with a 
Beta plate counter. Incorporation of radioactivity into cells, expressed as cpm, was used to 
measure inhibition of growth factor-stimulated cell proliferation by compounds. 

25 

(c\ In Vivo Rat Uterine Oedema Ag cay 

This test measures the capacity of compounds to reduce the acute increase in uterine 
weight in rats which occurs in the first 4-6 hours following oestrogen stimulation. This early 
increase in uterine weight has long been known to be due to oedema caused by increased 
30 permeability of the uterine vasculature and recently Cullinan-Bove and Koos (Endocrinology, 
1993,133:829-837) demonstrated a close temporal relationship with increased expression of 
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VEGF mRNA in the uterus. We have found that prior treatment of the rats with a neutralising 
monoclonal antibody to VEGF significantly reduces the acute increase in uterine weight, 
confirming that the increase in weight is substantially mediated by VEGF. 

Groups of 20 to 22-day old rats were treated with a single subcutaneous dose of 
5 oestradiol benzoate (2.5ng/rat) in a solvent, or solvent only. The latter served as unstimulated 
controls. Test compounds were orally administered at various times prior to the administration 
of oestradiol benzoate. Five hours after the administration of oestradiol benzoate the rats were 
humanely sacrificed and their uteri were dissected, blotted and weighed. The increase in 
uterine weight in groups treated with test compound and oestradiol benzoate and with 
10 oestradiol benzoate alone was compared using a Student T test. Inhibition of the effect of 
oestradiol benzoate was considered significant when p<0.05. 

According to a further aspect of the invention there is provided a pharmaceutical 
composition which comprises a compound of the formula I as defined hereinbefore or a 
pharmaceutically acceptable salt thereof, in association with a pharmaceutically acceptable 
15 excipient or carrier. 

The composition may be in a form suitable for oral administration, for example as a 
tablet or capsule, for parenteral injecdon (including intravenous, subcutaneous, intramuscular 
mtravascular or infusion) for example as a sterile solution, suspension or emulsion, for topical 
administration for example as an ointment or cream or for rectal administration for example as 
20 a suppository. In general the above compositions may be prepared in a conventional manner 
using conventional excipients. 

The compositions of the present invention are advantageously piesented in unit 
dosage form. The compound will normally be administered to a warm-blooded animal at a unit 
dose within the range 5-5000mg per square metre body area of the animal, i.e. approximately 
25 0.1-100mg/kg. A unit dose in the range, for example, l-J00mgAg, preferably l-50mg/kgis 
emnsaged and this normally provides a therapeutically-effective dose. A unit dose form such 
as a tablet or capsule will usually contain, for example l-250mg of active ingredient. 

According to a further aspect of the present invention there is provided a compound 
of the formula I or a pharmaceutically acceptable salt thereof as defined hereinbefore for use in 
30 a method of treatment of the human or animal body by therapy. 
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We have found that compounds of the present invention inhibit VEGF receptor 
tyrosine kinase activity and are therefore of interest for their antiangiogenic effects and/or their 
ability to cause a reduction in vascular permeability. 

A further feature of the present invention is a compound of formula I, or a 
5 pharmaceutical^ acceptable salt thereof, for use as a medicament, conveniently a compound 
of formula I, or a pharmaceutically acceptable salt thereof, for use as a medicament for 
producing an antiangiogenic and/or vascular permeability reducing effect in a warm-blooded 
animal such as a human being. 

Thus according to a further aspect of the invention there is provided the use of a 
10 compound of the formula I, or a pharmaceutically acceptable salt thereof in the manufacture of 
a medicament for use in the production of an antiangiogenic and/or vascular permeability 
reducing effect in a warm-blooded animal such as a human being. 

According to a further feature of the invention there is provided a method for 
producing an antiangiogenic and/or vascular permeability reducing effect in a warm-blooded 
15 animal, such as a human being, in need of such treatment which comprises administering to 
said animal an effective amount of a compound of formula I or a pharmaceutical^ acceptable 
salt thereof as defined hereinbefore. 

As stated above the size of the dose required for the therapeutic or prophylactic 
treatment of a particular disease state will necessarily be varied depending on the host treated, 
20 the route of administration and the severity of the illness being treated. Preferably a daily dose 
in the range of 1 -50mg/kg is employed. However the daily dose will necessarily be varied 
depending upon the host treated, the particular route of administration, and the severity of the 
illness being treated. Accordingly the optimum dosage may be determined by the practitioner 
who is treating any particular patient. 
25 The antiangiogenic and/or vascular permeability reducing treatment defined 

hereinbefore may be applied as a sole therapy or may involve, in addition to a compound of 
the invention, one or more other substances and/or treatments. Such conjoint treatment may 
be achieved by way of the simultaneous, sequential or separate administration of the 
individual components of the treatment. In the field of medical oncology it is normal practice 
30 to use a combination of different forms of treatment to treat each patient with cancer. In 
medical oncology the other components) of such conjoint treatment in addition to the 
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antiangiogcnic and/or vascular permeability reducing treatment defined hereinbefore may be 
surgery, radiotherapy or chemotherapy. Such chemotherapy may cover three main categories 
of therapeutic agent: 

(i) other anuangmgenic agerns that wort, by difieren, mechanisms ftora those defined 
. 5 hereinbefore (fo, example linmmde, inhibit of .meg™ avp3 fon^ 

thalidomide); 

(ii) cy.ofl.tic .gem, such as antioesMgens (fo, ^le tMoxi/ea.tommif.ne, nuoxifene 
dmloxriene, iodoxyfene). progeaogens (for example megearol acetate), ammau* inhibitor5 
(fo, example ana^oaole, toaz.,., vorazole. exemesune), anuprogestoge*. antiandnogens 

10 (forexampie fW.dc. nilutamide, bicaiutamide, cypmterone acetate), LHRH agonists and 
omagonms (for example goserelfa acetate, lupralide), mhibitors of testosterone 5a- 
dihydroreducus. (fo, example finasteride), anu-invrcion agents (for 
meudloproteinase inhibit lilt, marine and inhibit of umkinase plasminogen activator 
"*ep,or taction) ttnd inhibttora of gmwd, facto, mnonot, (sueh grow™ factors inCude fo, 

I> cxampie p,*.,* derived gmwu, facto, and hepamcyte gmwth facto, such inhibit indude 
grew* facto, antibodies. g,owu, ftao, meepto, antibodies, tymsine kinase inhibitor and 
senne/threonine kinase inhibitors); and 

(Hi) snUpmlitorive/tmrineoplastie dntgs and combinations themof, as used in medicd 
oncology, sueh as antimetabolites (fo, ..mmple antifolates like me*otmxate 
20 fluo,opyrinUdin«s like 5-fluo^umei.. purine and adenosine analogues, cytosine a^binoside, 
"Utumo^MUbioties (fo, example anthmcycKn* like doxtnubicin, daunomyein.epin.bioi, 
and tdantbiem, mi.omycin.C. daerinomyein. mitomycin); pUnnum deri va„ves (fo, exampie 
c»pl.«n, cartxplatm); alkylating agents (fo, example niuogen mustari, melphtUan. 
chlorambucil, busulphan, cyclophosphamide, ifosfamide, niuosou^as, .hiotep.); antimitotic 
•gents (fo, example vine. alWoids like vincrisitine and ttxoids like Uncol unto*™) 
-opotsomemse inhibitor, (fo, example epipodophyllotoxins .ike etoposide and temposide, 
•msacrine, topotecan). 

As sated above the compounds defined in the pmsen, invention am of imeres, f„ r 
then antigenic and/o, vascula, pem.eability reducing effects. Such compounds of the 
mvention may thcefore be usefo, in a wide mnge of disuse states including cancer, diabe*. 
Ptxtnasts. ri.eum.mid antatis, Kaposi's ta™™, haemangioma acute and chronic 
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nephropathies, atheroma, arterial restenosis, autoimmune diseases, acute inflammation and 
ocular diseases with retinal vessel proliferation. In particular such compounds of the invention 
are expected to slow advantageously the growth of primary and recurrent solid tumours of, for 
example, the colon, breast, prostate, lungs and skin. More particularly such compounds of the 
5 invention are expected to inhibit the growth of those primary and recurrent solid tumours which 
are associated with VEGF, especially those tumours which are significantly dependent on 
VEGF for their growth and spread, including for example, certain tumours of the colon, breast, 
prostate, lung, vulva and skin. 

Furthermore compounds of the present invention may be particularly useful in any 
10 of the disease states listed above such as cancer in which VEGF is a significant contributing 
factor to angiogenesis and in which EGF is contributing less than VEGF to angiogenesis. 

In addition to their use in therapeutic medicine, the compounds of formula 1 and their 
pharmaceutically acceptable salts are also useful as pharmacological tools in the development 
and standardisation of in vitro and in vivo test systems for the evaluation of the effects of 
1 5 inhibitors of VEGF receptor tyrosine kinase activity in laboratory animals such as cats, dogs, 
rabbits, monkeys, rats and mice, as part of the search for new therapeutic agents. 

It is to be understood that where the term "ether" is used anywhere in this 
specification it refers to diethyl ether. 

The invention will now be illustrated in the following non-limiting Examples in 
20 which, unless otherwise stated: - 

[(i) evaporations were carried out by rotary evaporation in vacuo and work-up 
procedures were carried out after removal of residual solids such as drying agents by filtration; 

00 operations were carried out at ambient temperature, that is in the range 1 8-25°C 
and under an atmosphere of an inert gas such as argon; 
25 (iii) column chromatography (by the flash procedure) and medium pressure liquid 

chromatography (MPLC) were performed on Merck Kieselgel silica (Art 9385) or Merck 
Lichroprep RP-18 (Art. 9303) reversed-phase silica obtained from E. Merck. Darmstadt, 
Germany; 

(iv) yields are given for illustration only and are not necessarily the maximum 
30 attainable; 
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(v) melting points are uncorrected and were determined using a Mettler SP62 
automatic melting point apparatus, an oil-bath apparatus or a Koffler hot plate apparatus. 

(vi) the structures of the end-products of the formula I were confirmed by nuclear 
(generally proton) magnetic resonance (NMR) and mass spectral techniques; proton magnetic 

5 resonance chemical shift values were measured on the delta scale and peak multiplicities are 
shown as follows: s, singlet; d, doublet; t, triplet; m, multiplet; br, broad; q, quartet; 

(vii) intermediates were not generally fully characterised and purity was assessed by 
thin layer chromatography (TLC), high-performance liquid chromatography (HPLC), infra-red 
(IR) or NMR analysis; 

10 (viii) the following abbreviations have been used:- 

DMF bLN-dimethylfomiamide 

DMSO dimethylsulphoxide 

THF tetrahydrofuran 

NMP l-methyl-2-pyrrolidinone 
15 TFA trifluoroacetic acid. J 

E»amp|e \ 

A solution of 4-chloro-7-(2-methoxyethoxy)quinazoline hydrochloride (624mg, 
2.27mmol) and 4-chloro-2-fluoroaniline (305ul, 2.6mmol) in isopropanol (20ml) was heated at 

20 reflux for 30 minutes. The solvent was removed by evaporation and the residue partitioned 
between ethyl acetate and water. The organic layer was separated, washed with aqueous sodium 
hydrogen carbonate solution, then with water, dried (MgS0 4 ) and the solvent removed by 
evaporation. The residue was triturated with ether to give 4-(4-chloro-2-nuoroanlKno)-7-(2- 
metfaoxyethoxy)quinazoline (662mg, 84%) as a white solid. 

25 m.p. 140-141°C 

'H NMR Spectrum: (DMSOdJ 3.35(s, 3H); 3.74fc 2H); 4.29(t. 2H); 7.21(s, 1H); 7.28(d, 1H); 
7.35(d, 1H); 7.6(m, 2H); 8.36(d, 1H); 8.43(s, 1H); 9.75(s, IH) 
MS - ESI: 347 [MHf 

Elemental analysis: Found C 58.49 H 4.41 N 12.08 

30 C.jH.jNjOjFCI Requires C 58.70 H 4.31 N 12.08% 
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The starting material was prepared as follows: 

A solution of 2-amino-4-fluoroben 2 oic acid (3g, 1 9.3mmol) in formamide (30ml) was 
heated at 1 50°C for 6 hours. The reaction mixture was poured onto ice/water ( 1/1 ) (250ml). 
The precipitated solid was collected by filtration, washed with water and dried to give 7- 
5 fluoro-3,4-dihydroquinazoIin-4-one (2.6g, 82%). 

Sodium (400mg, 1 7mmol) was added carefully to 2-methoxyethanol ( 1 0ml) and the 
mixture heated at reflux for 30 minutes. 7-Fluoro.3,4Hlihydroquinazolin^one (750mg, 
4.57mmol) was added to the resulting solution and the mixture heated at reflux for 15 hours. 
The mixture was cooled and poured into water (250ml). The mixture was acidified to pH4 
10 with concentrated hydrochloric acid. The resulting solid product was collected by filtration, 
washed with water and then with ether, and dried under vacuum to give 7<2-methoxyethoxy)- 
3,4-dihydroquinazolin-4-one (580mg, 58%). 

A solution of 7-(2-methoxyethoxy)-3,4.dihydroquina2olin-4-one (500mg, 2.2mmol) 
in thionyl chloride (15ml) and DMF (0.1ml) was heated at reflux for 3 hours. The volatiles 
15 were removed by evaporation to give 4-chloro-7-(2-memoxyethoxy)quuiazoline 
hydrochloride as a cream solid (520mg, 83%). 

Example 1 

4-Chloro-6,7-dimethoxyquinazoline hydrochloride (342mg, IJmraol), and 2-fluoro- 
20 5-hydroxyaniline (183mg, 1.4mmol) in isopropanol (10ml) were heated at reflux for 2 hours. 
The reaction mixture was allowed to cool, the precipitated product collected by filtration, 
washed with isopropanol and dried to give 6,7-dimethoxy-4-(2-iluon>-5- 
hydroxyani!ino)quinazoUne hydrochloride (66mg, 15%) as a solid. 
m.p. 219-220°C* 

25 'H NMR Spectrum: (DMSOdJ 3.99(s, 3H); 4.01(s, 3H); 6.81(dd, 1H); 6.90(dd, 1H); 7.20(t, 
1H); 7.31(s, 1H); 8.15(s, 1H); 8.81(s, 1H); 9.72(s, 1H); 1 1.28(s, 1H) 
MS-ESI:316[MHJ* 

Elemental analysis: Found C 53.5 H 5.3 N 9.9 

Cjiji fijF HC1 0.5H 2 O 0.5C,H,O Requires C 53.8 H 5 I N 10 7% 

30 

The starting material was prepared as follows: 
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A mixture of 4,5-dimethoxyanthranilic acid (1 9.7g) and formamide (1 Oml) was 
stirred and heated at 1 90«C for 5 hours. The mixture was allowed to cool to approximately 
80°C and water (50ml) was added. The mixture was stored at ambient temperature for 3 
hours. The precipitate was isolated, washed with water and dried to give 6,7-dimethoxy-3,4- 
5 dihydroquinazolin-4-one (3.65g). 

A mixture of a portion (2.06g) of the material so obtained, thionyl chloride (20ml) 
and DMF (1 drop) was stirred and heated at reflux for 2 hours. The volatiles were removed 
by evaporation to give 4-chloro-6,7-dimethoxyquinazoline hydrochloride. 

4-Chloro-5-methoxycarbonyloxy-2-fluoronitrobenzene (1.2g, 4.8mmol), (as 
10 described in EP 61741 A2), and 10% palladium^n-charcoal catalyst (SOOmg) in ethanol 
(100ml) was stirred under hydrogen at 1 atmosphere pressure for 1 8 hours. A further batch of 
10% palladium-on-charcoal catalyst (SOOmg) was added and the mixture stirred under 
hydrogen for a further 3 hours. The catalyst was removed by filtration through diatomaceous 
earth and the solvent removed from the filtrate by evaporation. The residue was purified by 
1 5 flash chromatography eluting with methylene chloride/hexane (1/4) to give 2-fluoro-5- 
methoxycarbonyloxyaniline (0.42g, 47%) as an oil. 

«HNMR Spectrum: (DMSOd 4 )3.82(s,3H);5.33(s,2H);6.32(dt, lH);6.57(dd, !H);6.98(dd, 
IH) 

MS -ESI: 186 [MH]* 

20 Concentrated aqueous ammonia (1 5ml) was added to a solution of 2-fluoro-5- 

methoxycarbonyloxyaniline (400mg, 2.16mmol) in methanol (10ml). The mixture was stirred 
for 2 hours and most of the solvent was removed by evaporation. The resulting suspension 
was diluted with water, acidified to pH7 and extracted with ethyl acetate. The organic 
extracts were washed with water, dried (MgS0 4 ) and solvent removed by evaporation to give 

25 2-fluoro-5-hydroxyaniline (200mg, 73%). 

'H NMR Spectrum: (DMSOdJ 4.90(s, 2H); 5.84(dd, lH);6.17(dd, lH);6.65(ddd, IH); 
8.80(s, IH) 



Example 3 

A mixture of 4-chloro-6,7-dimethoxyquinazoline hydrochloride (SOOmg, 
1.916mmol), (prepared as described for the starting material in Example 2), and 4-chloro-3- 
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hydioxyaniline (300mg, 2.09mmol), (as described in UK patent 1427658), in isopropanol 
(10ml) was heated at reflux for 2 hours. The mixture was allowed to cool, the solid product 
collected by filtration, washed with isopropanol and dried to give 4-(4-chloro-3- 

hydroxyanihno)-6,7-dimethoxyquinazoline hydrochloride (605mg, 86%). 
5 m.p.>250°C 

'H NMR Spectrum: (DMSOdJ 4.02(s, 3H); 4.04(s, 3H); 7. 1 5(dd, 1 H); 7.34-7.44(m, 3H); 
8J8(s, 1H); 8.82(s, 1H); 10.52(s, 1H); 11.24(s, 1H) 
MS: 332 [MH]* 

Elemental analysis: Found C 52.4 H 4.2 N 11.3 

10 C, 6 H,«N,0,C1 1HC1 Requires C 52.2 H 4.1 N 11.4% 

Example 4 

2-Bromoethyl methyl ether (7l2ul, 7.56mmol) was added dropwise to a solution of 
4K4<hloro-2-fluoroanilino>7-hydxoxy-6-methoxyquina2oline (2.2g, 6.88mmol) and 

15 potassium carbonate (2.84g, 20.6mmol) in DMF (1 10ml). The mixture was stirred for 10 
hours at 60°C then for 2 days at ambient temperature, the solvent was removed by evaporation 
and the crude product purified by flash chromatography during with ethyl acetate/petroleum 
ether (4/1 ). The resulting solid was dissolved in hot ethanol and ethanolic hydrogen chloride 
was added. After cooling, the resulting solid was collected by filtration, washed with ethanol 

20 and dried under vacuum to give 4-<4-chloi^2-fluoroaniUno)-6-methoxy-7-(2- 
methoxyethoxy)quinazoline hydrochloride (1 .74g, 62%). 
m.p. 255-257°C 

'H NMR Spectrum: (DMSOd*; CD,COOD) 3.36(s, 3H); 3.79(t, 2H); 4.02(s, 3H); 4.34(t, 2H); 
7.33(s, 1H); 7.46(dd, 1H); 7.60-7.68(m, 2H); 8.15(s, 1H); 8.79(s. 1H) 
25 MS - ESI: 378-380 [MH]* 

Elemental analysis: Found C 52.1 H 4.6 N 10.1 

C (I H I7 NjO,C1F 1HC1 Requires C 52.19 H 4.38 N 10.14% 

The starting material was prepared as follows: 
30 A mixture of 2-amino-4-benzyloxy-5-memoxybenzamide (J. Med. Chem. 1 977, vol 

20, 146-149, lOg, 0.04mol) and Gold's reagent (7.4g, O.OSmol) in dioxane (100ml) was stirred 



10 
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and heated at reflux for 24 hours. Sodium acetate (3.02g, 0.037mol) and acetic acid (1.65ml, 
0.029mol) were added to the reaction mixture and it was heated for a further 3 hours. The 
volatiles were removed by evaporation, water was added to the residue, the solid was collected 
by filtration, washed with water and dried. Recrystallisation from acetic acid gave 
5 7-berizyloxy-6-meAoxy-3,4-dihydroq^ 84%). 

A mixture of 7.benzyioxy-o-mewoxy-3,4-d*yd^^ (2t2g ^ 
0.01mol), thionyl chloride (40ml) and DMF (0.28ml) was stirred and heated at reflux for I 
hour. The volatiles were removed by evaporation, the residue was azeotroped with toluene to 
give 7-benzyloxy-4-chloro-6-methoxyquinazoline hydrochloride (3.45g). 

A solution of 7-beijzyloxy-4-cWoro-6-memoxyquinazoUne hydrochloride (1.2g, 
3.5mmol) and 4-chloro-2-fluoroanilin e (444ul, 4mmol) in isopropanol (40ml) was refluxed 
for 1 .5 hours. After cooling, the precipitate was collected by filtration, washed with 
isopropanol then ether and dried under vacuum to give 7-benzyloxy-4-(4-chloro-2- 
fluoroanilino)-6-memoxyquinazoline hydrochloride (1 ,13g, 71%). 
15 m.p. 239-242°C 

•H NMR Spectrum. (DMSOdj) 4.0(s, 3H); 5.36(s, 2H); 7.39-7.52(m, 9H); 8.1(s, 1H); 8.75(s, 
1H) 

MS - ESI: 410 [MHJ* 

Elemental analysis: Found C 59.2 H 4.3 N 94 

20 C a H I7 NAClF 1HC1 Requires C 59.21 H 4.07 N 9.41% 

A solution of 7-b<mzyloxy-4-(4-chloro^^^^ 

hydrochloride (892mg, 2mmol) in TFA (10ml) was refluxed for 50 minutes. After cooling, 

the mixture was poured onto ice. The precipitate was collected by filtration, dissolved in 

methanol (10ml) and basified to pHl I with aqueous ammonia. After concentration by 
25 evaporation, the solid product was collected by filtration, washed with water then ether and 

dried under vacuum to give ^4-chloro-2-fluoroanm M 

a yellow solid (460mg, 72%). 

m.p. 141-143°C 

'H NMR Spectrum: (DMSOdj 3.95(s, 3H); 7.05(s, 1H); 7.35(d, 1H); 7.54.7.59(m, 2HV 
30 7.78(s,lH);8.29(s,lH) 
MS -ESI: 320-322 [MH]« 
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Example 5 

A mixture of 4-chIoro-6,7-dimethoxyquinazoline hydrochloride (I47mg, 
0.56mmol), (prepared as described for the starting material in Example 2), and 4-chloro-2- 
5 fluoroaniline (82mg, 0.56mmol) in isopropanol (7ml) was heated at reflux for 2 hours. The 
mixture was allowed to cool, the solid product collected by filtration, washed with 
isopropanol and dried to give 4-(4-chloro-2-fluoroanilino)-6J-dimethoxyquinazoline 
hydrochloride (!02mg, 49%). 

•H NMR Spectrum: (DMSOdJ 4.00(s, 6H); 7.37(s, 1H); 7.42(d, 1H); 7.60(t, 1H); 7.67(dd, 
10 lH);8.27(s,lH);8.80(s,lH) 
MS -ESI: 334 [MHJ* 

Example 6 

4-(3-Chloropropyl)morpholine (J. Am. Chem. Soc. 1945, 6J, 736, 174mg, 

1 5 1 .06mmol) in DMF (0.5ml) was added to a stirred suspension of 4-(3-/-butytdiphenylsilyloxy- 
4-me%lanilino)-7-hydroxy-6-memoxyquinazolme (471 mg, 0.88mmol) and potassium 
carbonate (200mg, 1 .45mmol) in DMF (5ml). The mixture was then heated at 100°C for 2.5 
hours. The solvent was removed by evaporation, and the residues partitioned between 
methylene chloride and water. The product was extracted with methylene chloride and the 

20 combined extracts passed through phase separating paper. The solvent was removed by 
evaporation to give a yellow oil. This oil was dissolved in THF (4ml) and tetra-/t- 
butylammonium fluoride (2ml of a 1M solution in THF, 2mmol) added. The mixture was 
stirred at ambient temperature for 72 hours, the solvent was removed by evaporation and the 
residue partitioned between methylene chloride and saturated aqueous sodium hydrogen 

25 carbonate solution. The aqueous phase was extracted with methylene chloride (3x20ml), the 
combined extracts passed through phase separating paper and the solvent removed by 
evaporation. The residue was purified by flash chromatography eluting with 
methanol/methylene chloride (1/9) to give 4-(3-hydroxy-4-methylani)ino)-6-methoxy-7-(3- 
morpholinopropoxy)quinazoline as a pale yellow solid (225mg, 60% over two steps). 

30 »H NMR Spectrum : (DMSOdJ 2.0(m, 2H); 2.15(s, 3H); 2.4(m, 4H); 3.6(t, 4H); 3.95(s, 3H); 
4.20(t, 2H); 7.05(s, 2H); 7.15(s, 1H); 7.35(s, 1H); 7.85(s, 1H); 8.40(s, 1H); 9.25(s. 2H) 
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MS - ESI: 425 (MH)* 

The starting material was prepared as follows: 

A mixture of 7-benzyloxy-6-methoxy-3,4-dihydroquina2olin-4-one (5.1 8g, 
5 1 8.4mmol), (prepared as described for the starting material in Example 4), DMF ( 1 ml) and 
thionyl chloride (70ml) was heated at reflux under argon for 2 hours. The mixture was 
allowed to cool, excess thionyl chloride was removed by evaporation and the residue 
azeotroped to dryness with toluene. The resulting crude 7-benzyloxy-4-chloro-6- 
methoxyquinazoline hydrochloride was suspended in isopropanol (50ml) and 3-hydroxy-4- 
10 methylaniline (2.60g, 21.1mmoI) added. The mixture was heated at reflux for 3 hours and 
then allowed to cool. The precipitated product was collected by filtration, washed with 
isopropanol and dried to give 7-benzyloxy-4-(3-hydroxy-4-methylanilino)-6- 
methoxyquinazoline (4.7g, 60%). 

'H NMR Spectrum : (DMSOdJ 2.15 (s, 3H); 4.0(s, 3H); 5.35(s, 2H); 6.95(dd. 1H); 7.15(m, 
15 2H); 7.35-7.55(m, 5H); 8.25(s, 1H); 8.75(s, 1H); 9.6(s, 1H); 1 12(s, 1H) 

Imidazole (1.45g, 21.6mmo!) was added to 7-benzyloxy-4-(3-hydroxy-4- 
methylanilino)-6.methoxyquinazoline (4.1 Ig, 9.69mmol) in DMF (50ml) and the mixture was 
stirred at ambient temperature until complete dissolution was achieved. /-Butyldiphenylsilyl 
chloride (2.5ml, 9.6mmoI) was added dropwise and the reaction mixture stirred at ambient 

20 temperature for 72 hours. Saturated aqueous sodium hydrogen carbonate solution was added, 
and the product was extracted with methylene chloride. The solvent was removed by 
evaporation to give a damp solid which was dissolved in a mixture of DMF (40ml), methanol 
(40ml), and ethyl acetate (40ml). 1 0% PaUadium-on-charcoal catalyst (500mg) was added 
and the mixture stirred under hydrogen at 1 atmosphere pressure for 36 hours. The catalyst 

25 was removed by filtration through diatomaceous earth, and the solvent removed from the 
filtrate by evaporation. The crude product was purified by flash chromatography eluting with 
methanol/methylene chloride (1/9) to give 4-(3-/-butyldiphenylsilyloxy-4-methylanilino)-7- 
hydroxy-6-methoxyquinazoline (2.2g, 42% over two steps) as a yellow solid. 
'H NMR Spectrum :(DMSOoV) 1.1 (s. 9H); 2.35(s, 3H); 3.90(s, 3H); 6.9(m, 2H); 7.1(d, 1H); 

30 7.4(m,6H);7.5(d, 1 H); 7.7(m, 5H); 7.85(s, lH);9.05(s, IH); I0.2(s, 1H) 
MS - ESI : 536 [MH]* 
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Example 7 

A mixture of 7^3-benzyloxypropoxy)-4-(4-chloro-2-nuoroaiulino)-6- 
raemoxyquinazoline hydrochloride (180mg, 0.4mmol) and 5% palladium-oiwAarcoal catalyst 
5 (50mg) in methanol (5ml), trichloromethane (5ml) and DMF (1ml) was stirred under 
hydrogen at 1 atmosphere pressure for 2 hours. The catalyst was removed by filtration 
through diatomaceous earth and the solvent removed by evaporation. The residue was 
partitioned between ethyl acetate and aqueous sodium hydrogen carbonate solution, the 
organic layer separated and dried (MgS0 4 ) and the solvent removed by evaporation. The 
10 residue was recrystallised from ethyl acetate/hexane to give 4-(4^hloro-2-fluoroanilino)-7- 
(3-hydroxypropoxy>-6-niethoxyquinazoline (48mg, 33%). 
m.p. 199-201 °C 

'H NMR Spectrum: (DMSOdJ 1 .92(t, 2H); 3.60(t, 2H); 3.95(s, 3H); 4.20(t, 2H); 4.5S(t, 1H); 
7.18(s, 1H); 7.33(dd, 1H); 7.51(dd, 1H); 7.55(td. 1H); 7.78(s, 1H): 8.38(s, 1H); 8.32(s, 1H); 
15 9.50(s, 1H) 

MS - ESI: 378 [MH]* 

Elemental analysis: Found C 57.2 H 4.6 N 11.0 

C„H, 7 N,0,FC1 Requires C 57.2 H 4.5 N 11.1% 

20 The starting materia) was prepared as follows: 

A solution of 3-benzyloxy-l-propanol (150ul, 0.9mmol) was added to 
tributylphosphine(376mg, 1.9mmol) and 4-(4<hloro-2-fiuoroanilino)-7-hydroxy-6- 
methoxyquinazoline (200mg, 0.63mmol), (prepared as described for the starting material in 
Example 4), in methylene chloride (20ml) at 5°C. To the resulting mixture 1,1 

25 azodicarbonyldipiperidine (480mg, 1 .9mmol) was added, the mixture stirred at 5°C for 1 hour, 
allowed to warm to ambient temperature and stirred overnight. Ether ( 1 0ml) was added, the 
mixture stirred for 1 5 minutes and the precipitated solids removed by filtration. The volatiles 
were removed from the filtrate by evaporation, and the residue was partitioned between ethyl 
acetate and water. The organic layer was separated, dried (MgSOJ and the solvent removed 

30 by eyaporation.The residue was dissolved in acetone, and hydrogen chloride in ether (0.6ml of 
a IM solution, 0.6mmol) added. The resulting precipitated product was collected by filtration 
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and dried to give 7<3-ben2yloxypropoxyH-(4-chloro-2-fluoroaiuIino)-6-methoxyqw 
hydrochloride (90mg, 3 1%). 

'H NMR Spectrum: (DMSOdJ 2.22(t, 2H); 3.74(t, 2H); 4.!0(s, 3H); 4.37(t, 2H); 4.60(s, 2H); 
7.34.7.56(m, 7H); 7.68(t, 1H); 7.76(dd, 1H); 8.38(s, 1H); 8.90(s, 1H); 1 1.73(s, 1H) 

5 

4-(2-ChloroethyI)morpholine hydrochloride (40mg, 2.Immol) was added to 4^4- 
chlorc-2-fl U oroaiulino)-7.hydroxy^methoxyq U ina2oIine (63mg, 0.2mmol), (prepared as 
described for the starting material in Example 4), and potassium carbonate (95mg, 0.69mmol) 
10 in DMF (3ml) and the mixture heated at lOtfC for 3 hours. The mixture was allowed to cool, 
the volatiles were removed by evaporation and the residues partitioned between water and 
methylene chloride. The organic phase was separated, passed through phase separating paper 
and the solvent was removed by evaporation. The residue was dissolved in acetone, and 
hydrogen chloride in ether (0.2ml of a 1M solution, 0.2mmol) was added. The precipitated 
1 5 product was collected by filtration and dried to give 4^4-chloro-2-fluoroai>ilinoH- 
methoxy-7-(2.morpholin©ethoxy)quina2oline hydrochloride (50mg, 50%). 
'H NMR Spectrum: (DMSOd,) 3.6(m, 2H); 3.85(m, 4H); 3.95(s, 3H); 4.6(m, 2H); 7.35(m. 
2H); 7.6(m. 2H); 8.05(s, 1H); 8.55(s, 1H) 
MS - ESI: 433 [MHJ* 
20 Elemental analysis: Found C 50.5 H 4.9 N 10.9 

ChHuN^OjFCI 2HC1 Requires C 49.9 H 4.8 Nll.1% 

Example 9 

4-<3-Chloropropyl)morpholine (J. Am. Chem. Soc. 1945, 67, 736, 2.26g, 13.8mmol) 
25 was added to 4K4-chloro-2-fluo ro amlmo)-7-hydroxy^methoxyquina2oline (2.21g, 
6,9mmol), (prepared as described for the starting material in Example 4). and potassium 
carbonate (6.5g, 47mmol) in DMF (100ml). The mixture was heated at 1 10"C for 4 hours and 
then allowed to cool. The volatiles were removed by evaporation and the residue was 
partitioned between water and methylene chloride. The organic phase was separated, washed 
30 with brine, passed through phase separating paper and the solvent removed by evaporation. 
The residue was purified by column chromatography eluting with methyie 
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chloride/methanol/anmionia (aq.) (100/8/1 ). The product was dissolved in acetone and 
isopropanol and hydrogen chloride in ether (4.8ml of a 1M solution, 4.8mmol) was added 
The precipitated product was collected by filtration and washed with acetone and ether to give 

4-(4-chloro-2-nuoroaniIbo)^metho3y-7-(3-moniholmoproiH»xy)quinazoline 

5 hydrochloride (2. 16g, 65%). 

'H NMR Spectrum: (DMSOdJ 2.25(m. 2H); 3.7-3.9(br s, 4H); 3.95(s, 3H); 4.25 (t, 2H); 
7.2(s, 1H); 7.3(dt, IH); 7.55(m, 2H); 7.95(s, 1H); 8.40(s, 1H); 9.85(br s, 1H); 1 1.0(br s, 1H) 
MS - ESI: 447 [MH]* 

Elemental analysis: Found C 54.7 H 5.6 N 10.8 

10 C^NAFCl 1HC1 0.5C,H«O Requires C 55.1 H 5.5 N 10.9% 

Example 10 

Concentrated aqueous ammonia (8ml) was added to a solution of *4-(3-acetoxy-4- 
memylanilino)-6-methoxy.7-(2-methoxyethoxy)quina2oline (2.38g , 6mmol) in a mixture of 

15 trichloromethane (24ml) and methanol (24ml). The mixture was heated at reflux for 8 hours 
and the volatiles removed by evaporation. The residue was triturated with water, the resulting 
solid was collected by filtration and recrystallised from methylene chloride/ethanol. The 
product was rcdissolved in a mixture of methylene chloride/ethanol and a saturated solution of 
hydrogen chloride in ethanol was added. The solvent was partially removed by evaporation 

20 and the mixture cooled. The resulting precipitate was collected by filtration washed with 
ether and dried under vacuum to give 4-<3-hydroxy-4-methylanilino)-6-methoxy-7-(2- 
methoxyethoxy)quinazoline hydrochloride (1.68g, 80%). 
m.p. 270°C (decomposition) 

»H NMR Spectrum: (DMSOd*; CF,COOD) 2.17(s, 3H); 3.35(s, 3H); 3.78(t. 2H); 4.00(s, 3H); 
25 4.33(t, 2H); 6.96(d, 1H); 7.08(s, 1H); 7.16(d, 1H); 7.3(s, 1H); 8.09(s, 1H); 8.81(s, 1H) 
MS - ESI: 378 [MNaJ* 

Elemental analysis: Found C 58.0 H 5.9 N 10.7 

C )9 H„N,0 4 IHC1 Requires C 58.2 H 5.7 N 10.7% 



30 
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Acetic anhydride (1.9ml, 20.3mmol) was added to a mixture of 
2-methyl-5-nitrophenol (2.5g, 16.3mmol) and 1M aqueous sodium hydroxide (24.5ml) at 
ambient temperature. The mixture was stirred for 40 minutes, the solid was removed by 
filtration and the filtrate extracted with ethyl acetate. The combined organic extracts were 
5 washed with brine, dried (MgS0 4 ) and the solvent removed by evaporation to give 

2-a(*toxy-4-nitrotoluene(3.1g, 100%). A mixture of this material (3. lg, 15.9mmol)and 10% 
palladium-on-charcoal catalyst (0.12g) in ethyl acetate (50ml) was stirred at ambient 
temperature under hydrogen at 1 atmosphere pressure for 2 hours. The catalyst was removed 
by filtration through diatomaccous earth and the solvent removed from filtrate by evaporation 
1 0 to give 3-acetoxy-4-methylaniline (2.45g, 94%). 

A mixture of 7-benzyloxy-4-chIoro-6-methoxyquinazoline (2.18g, 7.25mmol), 
(prepared as described for the starting material in Example 4), 3-acetoxy-4-methylaniline 
(1 .32g, 8mmol) and isopropanol (50ml) was stirred and heated at reflux for 1 hour. The 
mixture was cooled to ambient temperature. The precipitate was collected by filtration, washed 
1 5 with isopropanol and ether to give 4K3-acetoxy-4-methylanUino)-7.benzyloxy-6. 
methoxyquinazoline. 

A mixture of 4K3-acetoxy-4-metoylaniltoo)-7-be^^ 
(2.68g, 5.75mmol) and 10% palladium-on-charcoal catalyst (0.27g) in methanol (50ml), DMF 
(12ml) and trichloromethane (50ml) was stirred at ambient temperature under hydrogen at 1.5 
20 atmospheres pressure for 30 minutes. The catalyst was removed by filtration through 
diatomaceous earth and the solvent removed from filtrate by evaporation. The residue was 
triturated with ether, collected by filtration and dried under vacuum at 50°C to give 
4-(3-acetoxy-4-memyianilino).7-hydroxy-6^methoxyquinazoline (2.1g, 100%). 
Potassium carbonate (2.2g, 16mmol) was added to a solution of 
25 4-(3-acetoxy-4-methylanilino^7-hydroxy-6-methoxyquinazoline (1 .5 1 g, 4mmol) in DMF 
(30ml) and the mixture stirred for 15 minutes. 2-BromoethyI methyl ether (667mg, 4.8mmol) 
was then added dropwise. The mixture was stirred for 1 hour at ambient temperature, then 
heated at 60'C for 17 hours and finally allowed to cool. The insoluble material was removed 
by filtration and the filter pad washed with DMF. The filtrate was partitioned between ethyl 
30 acetate and water, the organic layer was separated, washed with brine, dried (MgSOJ and the 
solvent removed by evaporation. The residue was purified by column chromatography eluting 
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with methylene chloride/methanol (95/5 followed by 93/7). The purified product was 
triturated with ether to give 4-(3-acetoxy-4-methylanilino)-6-methoxy-7-(2- 
methoxyethoxy)quinazoline (1.34g, 84%) as a white powder. 
m.p. 180-183°C 

5 'H NMR Spectrum: (CDC1,) 2.16(s, 3H); 2.34(s, 3H); 3.47(s, 3H); 3.87(t, 2H); 3.99(8, 3H ) ; 
4.31(t, 2H); 6.98(s, 1H); 7.21(d, 1H); 7.24(d, 1H); 7.42(d, 1H); 7.50(s, 1H); 8.64(s, IH) 
MS-ESI:420[MNar 

Elemental analysis : Found C 63.1 H 6.1 N 10.4 

Cj.HjjNjO, Requires C 63.5 H 5.8 N 10.6% 

to 

Example 11 

A mixture of 4-chIoro-6,7-dimethoxyquinazoline hydrochloride (130mg, 0.5mmol), 
(prepared as described for the starting material in Example 2), and 4-bromo-2-fluoroaniline 
(95mg, 0.5mmol) in isopropanol (7ml) was heated at reflux for 2 hours. The mixture was 
1 5 allowed to cool to ambient temperature, the precipitated solid was collected by filtration, 
washed with isopropanol and ether and dried to give 4-(4-bromo-2-fluoroaniIino)-6,7- 
dimethoxyquinazoline hydrochloride (124mg, 60%) as an off-white solid. 
HPLC characteristics: 

Column:- 200 x 4.6 mm C18 ODS Hypersil (trade mark of Shandon) reversed phase 5um 
20 Solvent:- flow 1.5 mi/min. 

0-3 minutes:- H 2 0/CH,CN (95/5) 0.03M triethylamine 

3-17 minutes:- gradient H,0/CH,CN (95/5 to 5/95); constant 0.03M triethylamine 
Retention time:- 13.01 minutes 

25 Example 12 

A mixture of 4-chloro-6,7-dimethoxyquinazoline hydrochloride (130mg, O.Smmol), 
(prepared as described for the starting material in Example 2), and 2-fluoro-4-methylaniline 
(63mg, 0.5mmol) in isopropanol (7ml) was heated at reflux for 2 hours. The mixture was 
allowed to cool to ambient temperature, the precipitated solid was collected by filtration, 
30 washed with isopropanol and ether and dried to give 4<2-fluoro-4-methylanilino>-6 > 7- 
dimethoxyquinazoline hydrochloride (87mg, 50%) as an off-white solid. 
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HPLC characteristics: 

Column - 200 x 4.6 mm CI 8 ODS Hypcrsil (trade mark of Shandon) reversed phase Spun 
Solvent - flow 1.5 ml/rain. 
0-3 minutes:- H 2 0/CH,CN (95/5) 0.03M triethylamine 
5 3-17 minutes:- gradient H 2 0/CH,CN (95/5 to 5/95); constant 0.03M triethylamine 
Retention time - 1 2.32 minutes 

Example 13 

A mixture of 4-chloro-6,7-dimethoxyquina2oline hydrochloride (130mg, 0.5mmol), 
10 (prepared as described for the starting material in Example 2), and 3-hydroxy-4-methylaniline 
(62mg, 0.5mmol) in isopropanol (7ml) was heated at reflux for 2 hours: The mixture was 
allowed to cool to ambient temperature, the precipitated solid was collected by filtration, 
washed with isopropanol and ether and dried to give 6,7-dimethoxy-4-(3-hydroxy-4- 
methylaniUno)quinazoline hydrochloride (98mg, 56%) as an off-white solid. 
15 'H NMR Spectrum: (DMSOdJ 2.14(s, 3H); 3.98(s, 3H); 4.00(s, 3H); 6.97(d, 1H); 7.12(s, IH); 
7.14(d, 1H); 7.38(s, IH); 8.27(s, IH); 8.77(s, IH); 9.65(brs, 1H) 
MS -ESI: 312 [MH]* 

Elemental analysis: Found C 59.1 H 5.4 N 11.8 

CuHpNjO, 1HC1 Requires C 58.6 H 5.2 N 12.1% 

20 

Example 14 

A mixture of 4-chJoro-6-methoxy-7-(2-methoxyethoxy)quinazoline (1 07mg, 
0.4mmol) and 4-bromo-2-fluoroaniline (76mg, 0.4mmol) in isopropanol (7ml) was heated at 
reflux for 2 hours. The mixture was allowed to cool to ambient temperature, the precipitated 
25 solid was collected by filtration, washed with isopropanol and ether and dried to give 4-(4- 

bromo-2-flnoroanilino)^-methoxy-7-(2-methoxyethoxy)quinazoline hydrochloride 
(151mg, 82%) as an ofT-white solid. 

m.p. 200-204°C 

'H NMR Spectrum: (DMSOd 6 ; TFA) 3.36(s, 3H); 3.79(t, 2H); 4.02(s, 3H); 4.39(t, 2H); 
30 7.37(s. IH); 7.54-7.61(m, 2H); 7.81(dd, IH); 8.16(s, IH); 8.86(s, IH) 
MS - ESI: 422 [MH]' 
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Elemental analysis: Found C 47.56 H4.01 N 9.29 

CwHj.NjO.BrF 0.95HC1 Requires C 47.32 H 3.96 N 9.20% 

The starting material was prepared as follows: 
5 A mixture of ethyl 4-hydroxy-3.methoxyben2oate (9.8g, 50mmol), 2-bromoethyl 

methyl ether (8.46ml, 90mmol) and potassium carbonate (12.42g, 90mmol) in acetone (60ml) 
was heated at reflux for 30 hours. The mixture was allowed to cool and the solids removed by 
filtration. The volatiles were removed from the filtrate by evaporation and the residue 
triturated with hexane to give ethyl 3-methoxy-4-(2-methoxyethoxy)benzoate (1 1.3g, 89%) as 
10 a white solid. 
m.p. 57-60°C 

»H NMR Spectrum: (DMSOd») 1.31(t, 3H); 3.29(s, 3H); 3.32(s, 3H); 3.68(m, 2H); 4.16(m, 
2H); 4.28(q, 2H); 7.06(d. 1H); 7.45(d, 1H); 7.56(dd, 1H) 
MS- FAB: 255 [MHf 

1 5 Ethyl 3-methoxy-4-(2-methoxyethoxy)benzoate (9.5g, 37mmol) was added 

portionwise to stirred concentrated nitric acid (75ml) at 0*C. The mixture was allowed to 
warm to ambient temperature and stirred for a further 90 minutes. The mixture was diluted 
with water and extracted with methylene chloride, dried (MgS0 4 ) and the solvent removed by 
evaporation. The residue was triturated with hexane to give, ethyl 5-methoxy-4-(2- 

20 methoxyethoxy)-2-nitrobenzoate ( 1 0.6g, 95%) as an orange solid. 
m.p. 68-69°C 

«H NMR Spectrum: (DMSOd*) 1.27(t, 3H); 3.30(s, 3H); 3.69(m, 2H); 3.92(s, 3H); 4.25(m. 
2H); 4.29(q, 2H); 7.30(s, 1H); 7.65(s, 1H) 
MS - CI: 300 [MH]' 

25 A mixture of ethyl 5-methoxy-4-(2-methoxyethoxy)-2-nitrobenzoate ( 1 0.24g, 

34mmol), cyciohexene (30ml) and 10% palladium-on-charcoal catalyst (2.0g) in methanol 
(150ml) was heated at reflux for 5 hours. The reaction mixture was allowed to cool and 
diluted with methylene chloride. The catalyst was removed by filtration and the volatiles 
removed from the filtrate by evaporation. The residue was recrystallised from ethyl 

30 acetate/hexane to give ethyl 2-amino-5-memoxy-4-(2-rnethoxyethoxy) benzoate (8.0g) as a 
buff solid. Formamide (80ml) was added to this product and the mixture heated at 1 70*C for 
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1 8 hours. About half the solvent was removed by evaporation under high vacuum and the 
residue was left to stand overnight The solid product was collected by filtration, washed with 

ether and dried to give 6^methoxy-7-(2-memoxyemoxy>3,4-dihydroquina2olin-4-one (5.3g, 
62% over two steps) as a grey solid. 

5 «H NMR Spectrum: (DMSOdJ 3J5(s, 3H); 3.74(m, 2H); 3.89(s, 3H); 4.26(m. 2H); 7.15(s, 
IH); 7.47(s, 1H); 7.98(s, IH); 12.03(br s, IH) 
MS -CI: 251 [MH]* 

DMF (0.5ml) was added to a mixture of 6-mewoxy-7-(2-memoxyethoxy)-3,4- 
dihydroquuiazolin-4-one (5. lg, 20mmol) in thionyl chloride (50ml). The mixture was stirred 
10 and heated at reflux for 3 hours, allowed to cool and the excess thionyl chloride removed by 
evaporation. The residue was suspended in methylene chloride and washed with aqueous 
sodium hydrogen carbonate solution. The aqueous phase was extracted with methylene 
chloride and the combined extracts dried (MgSO<). The crude product was" recrystallised from 
methylene chloride/hexane to give 4-cWoro^-memoxy-7-(2-inewoxyemoxy)qdnazoline 
15 (2.8g, 5 1 %) as a fine white solid. 

'H NMR Spectrum: (DMSOd,) 3.37(s, 3H); 3.77(m, 2H); 4.01(s, 3H); 4.37(m, 2H); 7.40(s, 
IH); 7.49(s, IH); 8.88(s, IH) 

MS-CI:269[MHT 
20 Example |g 

A mixture of 4<Woro-6-memoxy-7-(2-methoxyethoxy)quinazoline (1 07mg, 

0.4mmol), (prepared as described for the starting material in Example 1 4), and 2-fluoro-4- 

methylaniline (50mg, 0.4mmol) in isopropanol (7ml) was heated at reflux for 2 hours. The 

mixture was allowed to cool to ambient temperature, the precipitated solid was collected by 

25 filtration, washed with isopropanol and ether and dried to give 4-(2-fluoro-4-methylanilino)- 

6-methoxy-7-(2-methoxyethoxy)quinazoluie hydrochloride (95mg, 60%) as an off-white 
solid. 

HPLC characteristics: 

Column - 200 x 4.6 mm C18 ODS Hypersi! (trade mark of Shandon) reversed phase 5um 
30 Solvent -flow 1.5 ml/min. 

0-3 minutes:- HjO/CHjCN (95/5) 0.001 M triethylamine 
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3-17 minutes:- gradient H,0/CH,CN (95/5 to 5/95); constant 0.001 M triethylamine 
Retention time:- 10.46 minutes 

Example 16 

5 A mixture of 4-chloro-7-(2-methoxyethoxy )quinazoline hydrochloride (450mg, 

1 6mmol), (prepared as described for the starting material in Example 1 ), and 3-hydroxy-4- 
methylaniline (280mg, 2.27mmol) in isopropanol (20ml) was heated at reflux for 30 minutes. 
The solvent was removed by evaporation and the residue was triturated with isopropanol. The 
resulting solid was collected by filtration, washed with isopropanol and dried under vacuum to 
1 0 give 4-(3-bydroxy-4-methylanilino)-7-(2-methoxyethoxy)quuiazoluie hydrochloride 
(428mg, 74%). 

'H NMR Spectrum : (DMSOd*) 2.18 (s, 3H); 3.38 (s, 3H); 3.8 (t, 2H); 4.35 (t, 2H); 7.05 (d, 
1H); 7.15 (m, 2H); 7.35 (s. 1H); 7.52 (d, 1H); 8.75 (d, 1H); 8.85 (s, 1H); 9.7 (brs, 1H) 
MS -ESI: 326 [MH]* 
15 Elemental analysis: Found C 59.6 H 5.8 N 11.7 

CuH^NjO, 1HC1 Requires C 59.7 H 5.5 N 11.6% 

Example 17 

A solution of 1 -(2-hydroxyethyl)-4-methylpiperazine (1 1 2mg, 0.78mmol) in 
methylene chloride (1ml) was added to a stirred suspension of 4-(4-chloro-2-fluorOanilino)-7- 

20 hydroxy-6-methoxy-quinazoline (225mg, 0.7mmol), (prepared as described for the starting 
material in Example 4), and tributylphosphine (420mg, 2.1mmol) in methylene chloride 
(10ml). l,r-(Azodicarbonyl)dipiperidine (525mg, 2.1mmol) was then added in portions to 
the mixture. The resulting clear, pale yellow solution was stirred for 3.5 hours, then allowed 
to stand overnight. The reaction mixture was quenched with ether (8ml) and the precipitate 

25 was removed by filtration. The solvent was removed from the filtrate by evaporation and the 
residue dissolved in acetone and treated with 1 M ethereal hydrogen chloride until the 
hydrochloride salt precipitated. The precipitate was collected by filtration, dissolved in 
methanol and then basified with excess triethylamine. The volatiles were removed by 
evaporation and the residue purified by column chromatography eluting with methylene 

30 chloride/methanol/0.88 aqueous ammonia (100/8/1). The resulting purified oil was triturated 
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with ether, collected by filtration and dried to give 4-(4-chloro-2-flaoroanilino>-6-methoxy- 
7<2-(4-methylpiperazin-l-yl)ethoxy)quinazoline (79mg, 25%) as a white solid. 
m.p. 173-175°C 

'H NMR Spectrum: (DMSOdJ 2.10(s, 3H): 2.3<m, 4H); 2.5(m. 4H); 2.75(t. 2H): 3.95(s. 3H); 
5 4.25(t, 2H); 7.21(s. 1 H); 7.30(dd, IH); 7.50(d, 1H); 7.55(dd, 1H); 7.75(s. 1H); 8.30(s. 1H); 
9.50(s, IH) 
MS - ESI: 446 [MHJ" 

Elemental analysis: Found C 59.1 H 5.8 N 15.5 

CjjHjjNjOiFCI Requires C 59.3 H 5.7 N 15.7% 

10 

The starting material was prepared as follows:- 

2-Bromoethanol (2.36g, 19mmol) was added dropwise to a mixture of 1- 
methylpiperazine ( 1 .26g, 1 3mmol) and potassium carbonate (5.0g, 36mmol) in absolute 
ethanol (150ml) and the mixture heated at reflux for 18 hours. The mixture was allowed to 
15 cool and the precipitates were removed by filtration and the solvent volatiles were removed by 
evaporation. The residue was treated with acetone/methylene chloride, the insoiubles were 
removed by filtration and the solvent was removed from the filtrate by evaporation to give 1- 
(2-hydroxyethylM-methylpiperazine (870mg, 48%) as a light brown oil. 
'H NMR Spectrum: (CDC1,) 2. 1 8(s, 3H); 2.3-2.7(br m, 8H); 2.56(t, 2H); 3.61(t, 2H) 
20 MS - ESI: 145 [MHJ* 

Eiamnlg lft 

A solution of 4-chloro-6-methoxy-7-(3-morpholinopropoxy)quinazoline (2.5g, 
7.41mmol) and 4^bromo-2-fluoroaniline (1 .55g, 8. 1 5mmoI) in DMF (20ml) was heated at 

25 1 50°C for 4 hours. The mixture was diluted with ether (200ml) and the resulting precipitate 
collected by filtration. The solid was partitioned between methylene Chloride and water and 
the aqueous phase was adjusted to pH8.5 with 1M aqueous sodium hydroxide solution. The 
organic layer was separated, washed with brine, dried (MgS0 4 ) and the solvent removed by 
evaporation. The residue was purified by flash chromatography eluting with methylene 

30 chloride/methanol(9/l). The purified solid was dissolved in methanol and methylene 

chloride and 2.2M ethereal hydrogen chloride (3ml) was added. The volatiles were removed 
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by evaporation, the residue was resuspended in ether, collected by filtration and dried under 
vacuum to give 4-(4-bromo-2-fluoroanilino)-6-methoxy-7-(3- 
morpholinopropoxy)quinazoline hydrochloride (1.61g, 26%). 

'H NMR Spectrum: (DMSOd,; CF,COOD) 2.3-2.4 (m, 2H); 3.15 (t, 2H); 3.34 (t, 2H); 3.54 
5 (d, 2H); 3.76 (t, 2H); 4.02 (s, 3H); 4.04 (m, 2H); 4.33 (t. 2H); 7.41 (s, 1H); 7.5-7.65 (m, 2H); 
7.80 (dd, 1 H); 8.20 (s, 1 H); 8.9 (s, 1H) 

Elemental analysis: Found C 46.5 H 5.0 N 9.9 

C, 2 H M N 4 0jBrF 0.4H,O 1.9HC1 Requires C 46.5 H 4.7 N 9.9% 

1 0 The starting material was prepared as follows :- 

A mixture of 4-hydroxy-3-methoxybenzoic acid (4.5g, 26.8mmol), 3- 
morpholinopropyl chloride (9.5g, 58.0mmol), (prepared according to J. Am. Chem. Soc. 
1945, 62, 736), potassium carbonate (8.0g, 58mmol), potassium iodide (1 .6g, 0.22mmol) and 
DMF (80ml) was stirred and heated at 100°C for 3 hours. The solid was removed by filtration 

15 and the filtrate evaporated. The residue was dissolved in ethanol (50ml), 2M sodium 
hydroxide (50ml) was added and the mixture heated at 90°C for 2 hours. After partial 
evaporation, the mixture was acidified with concentrated hydrochloric acid, washed with ether 
and then subjected to purification on a Diaion (trade mark of Mitsubishi) HP20SS resin 
column, eluting with water and then with a gradient of methanol (0 to 25%) in hydrochloric 

20 acid (pH2). Partial evaporation of the solvents and lyophilisation gave 3-methoxy-4-(3- 
morpholinopropoxy)benzoic acid (8.65g, 97%). 

'H NMR Spectrum: (DMSOd,; TFA) 2.17-2.24(m, 2H); 3.IO-3.16(m, 2H); 3.30(t, 2H); 

3.52(d, 2H); 3.71(t, 2H); 3.82(s, 3H); 4.01(br d, 2H); 4.14(t, 2H); 7.08(d, 1H); 7.48(d, 1H); 

7.59(dd,lH) 
25 MS-ESI:296[MHr 

Fuming nitric acid (1.5ml, 36.2mmol) was added slowly at 0°C to a solution of 3- 

methoxy-4-(3-morpholinopropoxy)benzoic acid (7.78g, 23.5mmol) in TFA (25ml). The 

cooling bath was removed and the reaction mixture stirTed at ambient temperature for 1 hour. 

The TFA was removed by evaporation and ice was added to the residue. The precipitate was 
30 collected by filtration-, washed with a minimum of water followed by toluene and ether. The 
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solid was dried under vacuum over phosphorus pentoxide to give 5-methoxy-4-(3- 
morpholinopropoxy)-2-nitroben2oic acid (7.54g) which was used without further purification. 
'HNMR Spectrum: (DMSOd,; TFA) 2.16-2.23(m, 2H); 3.10-3.17(m, 2H); 3.30(t, 2H); 
3.52(d, 2H); 3.66(t, 2H); 3.93(s, 3H); 4.02(br d, 2H); 4.23(t, 2H); 7.34(s, 1H); 7.61(s, 1H) 
5 MS - EI: 340 [MJ* 

Thionyl chloride (1 5ml) and DMF (0.05ml) were added to 5-methoxy-4-(3- 
morpholinopropoxy)-2-iutrobenzoic acid (7.54g). The mixture was heated at 50°C for 1 hour, 
the excess thionyl chloride was removed by evaporation and by azeotroping with toluene (x2). 
The resulting solid was suspended in THF (200ml) and ammonia was bubbled through the 
1 0 mixture for 30 minutes. The precipitate was removed by filtration and washed with THF. 
After concentration of the filtrate by evaporation, the product crystallised and was collected 
by filtration to give 5-methoxy-4-(3-moipholinopropoxy)-2-nitrobenzamide (5.25g) as light 
yellow crystals which were used without further purification. 

*H NMR Spectrum: (DMSOd*; TFA) 2.17-2.24(m, 2H); 3.1 l-3.18(m, 2H); 3.31(t, 2H); 
15 3.53(d, 2H); 3.67(t, 2H); 3.93(s, 3H); 4.03(br d, 2H); 4.21(t, 2H); 7.17(s. 1H); 7.62(s, 1H) 
MS -EI: 339 [M]* 

Concentrated hydrochloric acid (30ml) was added to.a suspension of 5-methoxy-4- 
(3-morpholinopropoxy)-2-nitrobenzam!de (5.67g) in methanol (150ml) and the mixture was 
heated to 60°C. When the 5-memoxy^3-morpholinopropoxy)-2-nitrobenzamide had 

20 dissolved, iron powder (5.6g, lOOmmol) was added in portions to the reaction mixture which 
was then heated for 90 minutes. After cooling, the insolubles were removed by filtration 
through diatomaceous earth, the volatiles were removed from the filtrate by evaporation and 
the residue was purified on a Diaion (trade mark of Mitsubishi) HP20SS resin column, eluting 
with water and then with hydrochloric acid (pH2). Concentration of the fractions by 

25 evaporation gave a precipitate which was collected by filtration and dried under vacuum over 
phosphorus pentoxide to give 2-amino.5-methoxy-4-(3-morpholinopropoxy)ben2amide as a 
hydrochloride salt (4.67g, 75%) as beige crystals. 

'H NMR Spectrum: (DMSOd,; TFA) 222-2.28(m, 2H); 3.12(br t, 2H); 3.29(t, 2H); 3.51(d, 
2H); 3.75(t, 2H); 3.87(s, 3H); 4.00(br d, 2H); 4.12(t, 2H); 7.06(s. 1H); 7.53(s, 1H) 
30 MS - EI: 309 [Mjr 
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A mixture of 2-amino-5-methoxy-4-(3-moipholmopropoxy)benzaiiiide (4.57g, 
I2.25mmol) and Gold's reagent (2.6g, 15.89mmol) in dioxane (35ml) was heated at reflux for 
5 hours. Acetic acid (0.55ml) and sodium acetate (l.Og) were added to the reaction mixture 
which was heated for a further 3 hours. The mixture was cooled to ambient temperature and 
5 the volatiles removed by evaporation. The residue was adjusted to pH7 with 2M sodium 
hydroxide and then purified on a Diaion (trade mark of Mitsubishi) HP20SS resin column, 
eluting with methanol (gradient of 0 to 60%) in water. Concentration of the fractions by 
evaporation gave a precipitate which was collected by filtration and dried under vacuum over 

phosphorus pentoxide to give 6-meuioxy-7^3-morpholinopropoxy)-3,4^ihydn>quina2olin-4- 
1 0 one (3.04g, 78%) as a white solid. 

'H NMR Spectrum: (CDC1,) 2.10(q, 2H); 2.48(m, 4H); 2.56(t, 2H); 3.72(t, 4H); 4.00(s, 3H); 
4.24(t, 2H); 7.18(s, 1H); 7.60(s, 1H); 8.00(s, 1H); 10.86(br s, 1H) 
MS - EI: 319 [M]* 

A mixture of 6-methoxy-7-(3-morpholinopropoxy)-3,4-dihydroquiiia2oUn-4-one 
15 (638mg, 2mmol) and thionyl chloride (8ml) was heated at reflux for 30 minutes. Excess 
thionyl chloride was removed by evaporation and by azeotroping with toluene (x2). The 
residue was suspended in methylene chloride and 10% aqueous solution of sodium hydrogen 
carbonate was added to the mixture. The organic layer was separated, dried (MgS0 4 ) and the 
solvent removed by evaporation. The residue was triturated with ether, the solid was 
20 collected by filtration, washed with ether and dried under vacuum to give 4-chloro-6- 
methoxy-7-(3-morpholinopropoxy)quinazoline (590mg, 87%). 
'H NMR Spectrum: (CDC1,) 2.10-2.16(m, 2H); 2.48(br s, 4H); 2.57(t, 2H); 3.73(t, 4H); 
4.05(s, 3H); 4.29(t, 2H); 7.36(s, 1H); 7.39(s, 1H); 8.86(s, 1H) 
MS -ESI: 337 [MHr 

25 

Example 19 

A mixture of 4-chloro-7-(3-morpholinopropoxy)quinazoline hydrochloride (238mg, 
0.69 mmol) and 4-chloro-2-fluoroaniline (145mg, lmmol) in isopropanol (5ml) was heated at 
reflux for 1 hour. The solvent was removed by evaporation and the residue partitioned 
30 between water and ethyl acetate and the aqueous layer adjusted to pH8 with sodium hydrogen 
carbonate. The organic layer was separated, washed with brine, dried (MgSOJ and the 
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solvent removed by evaporation. The residue was purified by flash chromatography eluting 
with methylene chloride/acetonitrile/methanol (60/30/10 followed by 60/20/20). The 
resulting semi-purified solid was repurified by chromatography on neutral alumina eluting 
with methylene chloride/methanol (95/5). The resulting white solid was dissolved in 
5 methylene chloride and 4M ethereal hydrogen chloride (0.5ml) was added. The volatiles were 
removed by evaporation, and the residue triturated by the addition of methylene chloride 
followed by methanol and ether. The precipitated solid was collected by filtration and dried 

under vacuum to give 4-(4-chloro-2-flnoroanilino)-7-{3-inorpholinopropoxy)quinazoline 

hydrochloride (35mg, 10%). 

10 'H NMR Spectrum: (DMSOd*; CF^COOD) 2.3(m, 2H); 3.13(t, 2H); 3.34(t, 2H); 3.52(d, 2H); 
3.68(t, 2H); 4.01(d, 2H); 4.34(t, 2H); 7.37(s, 1H); 7.46(d, 1H); 7.54(dd ? 1H); 7.61(t, 1H); 
7.71(d, 1H); 8.71(d, 1H); 8.93(s, 1H) 
MS-ESI:417[MH] V 

Elemental analysis: Found C 50.9 H5.2 N 11.5 

15 C JI H a N,O l ClF0.8H J O1.75HCl Requires C 50.9 H5.2 N 11.3% 

The starting material was prepared as follows: 

Sodium metal (2.2g, 95mmol) was added carefully to benzyl alcohol (50ml) at 
ambient temperature. The mixture was stirred for 30 minutes at ambient temperature and then 

20 heated at 80°C for 1 hour. The mixture was allowed to cool to 40°C and 7-fiuoro-3,4- 
dihydroqirinazolin-4-one (3.9g, 24mmol), (prepared as described for the starting material in 
Example 1), was added. The reaction mixture was then stirred and heated at I30°C for 4 
hours and left to cool to ambient temperature overnight. The mixture was quenched with 
water, the resulting precipitate was triturated by the addition of ether (1 50ml), collected by 

25 filtration and dried for 4 hours at 60°C under high vacuum to give 7-benzyloxy-3,4- 
dihydroquinazolin-4-one (5.33g, 89%). 

7-Beti2yloxy-3,4-dihydroquinazolin-4-one (5.3g, 21mmol) was suspended in dry 
DMF (50ml) and sodium hydride (Ig of a 60% suspension in mineral dil. 25mmol) was 
added. After hydrogen evolution had ceased, the reaction was allowed to cool to ambient 

30 temperature and then chloromethyl pivalate (4.1g, 27mmol) was added dropwise over 10 
minutes. The mixture was stirred for 30 minutes then poured into aqueous citric acid solution 
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(pH5) (250ml) and extracted with ether (3x300ml). The combined extracts were washed with 
brine, dried (MgS0 4 ) and the solvent removed by evaporation. The resulting solid was 
triturated with isohexane, collected by filtration and dried under vacuum to give 7-benzyloxy- 
S-methylpivaloyl-a^-dihydroquinazolin-^ne (6.9g, 90%). 
5 5% Palladium-on-charcoal catalyst (0.7g, 50% in water) was added to a solution of 

7-benzyloxy-3-methylpivaloyl-3,4-dihydroquina2olin-4-one (6.85g, 18.7mmol) in ethyl 
acetate (300ml), methanol (40ml), DMF (40ml), and acetic acid (0.7ml). The mixture was 
vigorously stirred under hydrogen at atmospheric pressure for 4.5 hours. The catalyst was 
removed by filtration through diatomaceous earth, the filtrate concentrated by evaporation to 

10 about 60ml, diluted with water (300ml) and extracted with ether (3x300ml). The combined 
extracts were washed with brine, dried (MgS0 4 ), and the volatiles removed by evaporation. 
The resulting crude solid was dissolved in acetone (200ml) and acetic acid (0.2ml) and cooled 
to 0°C. Potassium permanganate (1.8g) was added and the mixture stirred for 10 minutes. 
The reaction mixture was poured into water (250ml) and ethyl acetate (250ml) was added. 

1 5 The precipitate was removed by filtration, the organic phase separated and the aqueous phase 
re-extracted with ethyl acetate (2x1 00ml). The combined extracts were washed with water 
and brine, dried (MgSOJ and the volatiles removed by evaporation to give 7-hydroxy-3- 
memylpivaloyl-3,4-dihydroquinazolin-4-one (4.05g, 78%) as a cream solid. 

7-hydroxy-3-methylpivaloyl-3,4-dihydroquinazolin-4-one (750mg, 2.7mmol) was 

20 suspended in methylene chloride (40ml) and l-(3-hydroxypropyl)morphoIine (490mg, 
3.4mmol) and triphenylphosphine (890mg, 3.4mmol) were added at 5 °C. The mixture was 
stirred for 5 minutes at 5°C and diethyl azodicarboxylate (590mg, 3.4mmol) was added over 5 
minutes. The reaction mixture was stirred at 5°C for 30 minutes then at ambient temperature 
for 1 hour. The reaction mixture was purified directly by column chromatography eluting 

25 with methylene chloride, then ethyl acetate, then acetonitrile/ethyl acetate (1/5), and finally 
acetonitrile/ethyl acetate/aqueous ammonia (50/50/0.5). The purified product was triturated 
with ether/isohexane and collected by filtration to give 3-methylpivaloyl-7-(3- 
morphoIinopropoxy)-3,4-dihydroquina2olin-4-one (745mg, 68%). 

A solution of 3-meuyIpivdoyl-7-(3-morphoIinopropoxy>3,4-dihydroquinazolin-4- 

30 one (680mg, 1 .6mmol) in saturated methanolic ammonia (20ml) was stirred at 40°C for 6 
hours then for 1 8 hours at ambient temperature. The solvent was removed by evaporation and 
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the residue was triturated with ether/isohexane. The resulting solid was collected by filtration 
to give 7-(3-morpholinopropoxy)-3,4-dihydroquinazolin-4-one (450mg, 92%) as a white 
solid. 

'HNMR Spectnim: (DMSOd*) 1.9(m, 2H); 2.35<t, 4H); 2.4(t. 2H); 3.55(t, 4H); 4.15(t, 2H); 
5 7.05(m, 2H); 7.97(d, 1H); 8.02(s, 1H) 
MS - ESI: 290 [MHr 

A mixture of 7^3-moipholinopropoxy>3,4^ihydroquinazolin-4-one (200mg, 
0.69mmol) in thionyl chloride (5ml) and DMF (0. 1 ml) was heated at reflux for 1 hour. The 
solution was diluted with toluene and the volatiles removed by evaporation. The residue was 
1 0 dissolved in methylene chloride and ether was added. The resulting precipitate was collected 
by filtration, washed with ether and dried under vacuum to give 4-chloro-7-{3- 
morpholinopropoxy)quinazoline hydrochloride (238mg, 100%). 

The l-(3-hydroxypropyl)morpholine was prepared as follows: 
1 5 Morpholine (94g, 1 .08mol) was added dropwise to a solution of 3-bromo- 1 •propanol 

(75g, 0.54mol) in toluene (750ml) and the reaction then heated at 80°C for 4 hours. The 
mixture was allowed to cool to ambient temperature and the precipitated solid was removed 
by filtration. The volatiles were removed from the filtrate and the resulting yellow oil was 
purified by distillation at 0.4-0.7 mmHg to give l-(3-hydroxypropyl)morphoUne (40g, 50%) 
20 as a colourless oil. 

b.p. 68-70°C (~0.5mmHg) 

'HNMR Spectrum: (DMSOd,) 1.65-1.78(m, 2H); 2.50(t, 4H); 2.60(t, 2H); 3.68(t, 4H); 3.78(t, 
2H);4.90(brd,lH) 

25 Example 20 

5M Isopropanolic hydrogen chloride (1.5ml) was added to a solution of 4-chloro-6- 
methoxy-7-(3-morpholinopropoxy)quinazoline (202mg, 0.6mmol), (prepared as described for 
the starting material in Example 18), and 4-cyano-2-fluoroaniline (lOOmg, 0.72mmol), (US 
patent 4,120,693), in isopropanol (5ml) heated at 50°C. The mixture was then heated at 80°C 
30 for 2 hours, allowed to cool to ambient temperature and left standing overnight. The resulting 
precipitate was collected by filtration and the solid was then partitioned between methylene 



WO 97/32856 PCT/GB97/00550 

-54- 

chloride and water and 1M aqueous sodium hydroxide solution (0.8ml) was added. The 
organic layer was separated, washed with brine, dried (MgS0 4 ) and the solvent removed by 
evaporation. The residue was purified by flash chromatography eluting with methylene 
chloride/methanol (94/6). The purified solid was dissolved in methylene chloride and 2.2M 
5 ethereal hydrogen chloride was added. The precipitated product was collected by filtration, 
washed with ether and dried under vacuum to give 4-(4-cyano-2-fluoroanilino)-6-methoxy- 
7-(3-morpholinopropoxy)quinazoline hydrochloride (125mg, 39%). 
'H NMR Spectrum: (DMSOd.; CF,COOD) 2.3-2.4(m, 2H); 3.1 5(t, 2H); 3.36(t, 2H); 3.54(d, 
2H); 3.75(t, 2H); 4.02(d, 2H); 4.04(s, 3H); 4.34(t, 2H); 7.44(s, 1H); 7.8-7.9(m, 2H); 8.1 l(d. 
10 1H); 8.25(s, 1H); 8.94(s, 1H) 

Elemental analysis: Found C 52.7 H 5.4 N 12.9 

CuHmNjOjF 0.5H,0 1.9HCI Requires C 52.7 H 5.3 N 13.1% 

0.07 ether 0. 1 5 methylene chloride 

15 Example 21 

Diethyl azodicarboxylate (123ul, 0.88mmol) was added portionwise to a mixture of 4-(4- 
chloro-2-fluoroanilino)-7-hydroxy-6-methoxyquinazoline (250mg, 0.8mmol), (prepared as 
described for the starting material in Example 4), triphenylphosphine (228mg, 0.96mmol) and 3- 
methoxy-l-propanol (71mg, 0.8mmol) in methylene chloride (20ml) cooled at 0°C. The mixture 

20 was then allowed to warm to ambient temperature and stirred for 1 8 hours. The resulting 
precipitate was removed by filtration and the solvent removed from the filtrate by evaporation. 
The residue was purified by column chromatography eluting with methylene 
chloride/methanol/concentrated aqueous ammonia (100/8/1). The purified oil was treated with 
ethereal hydrogen chloride and the volaules were then removed by evaporation. The residue was 

25 triturated with ether and the solid collected by filtration to give 4-(4-chloro-2-fluoroanilino)-6- 
methoxy-7-(3-methoxypropoxy)quinazoline hydrochloride (lOOmg, 32%) as a yellow solid. 
'H NMR Spectrum: (DMSOd*) 2.10(m, 2H); 3.25(s, 3H); 3.5(t, 2H); 4.00(s, 3H); 4.25(t, 2H); 
7.4(s, 1H); 7.45(dd, 1H); 7.60(m, 2H); 8.25(s, 1H); 8.8(s, 1H); 1 1 .5(s, 1H) 
MS -ESI: 392 [MHJ* 

30 Elemental analysis: Found C 52.7 H 4.4 N 10.1 

C^NjOjFCIO.IHjOIHCI Requires C 53.1 H 4.7 N 9.8% 
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Example 22 

Diethyl azodicarboxylatc (123ul, 0.88mmol) was added portionwise to a mixture of 
4-(4-ch!oro-2-nuoroajiiluToV7-hydroxy-6-methoxyquinazoline (250mg, 0.8mmol), (prepared 
5 as described for the starting material in Example 4). triphenylphosphine (228mg, 0.96mmol) 
and 2-ethoxyethanol (71ul, 0.8mmol) in methylene chloride (20ml) cooled at 0°C. The 
mixture was then allowed to warm to ambient temperature and stirred for 1 8 hours. The 
resulting precipitate was removed by filtration and the solvent removed from the filtrate by 
evaporation. The residue was purified by chromatography eluting with methylene 
10 chloride/methanol (96/4). The resulting purified oil was dissolved in acetone and treated with 
water (80ul) then ethereal hydrogen chloride. The resulting granular solid was collected by 

filtration to give 4-(4-chloro-2-nuoroanilino)-6-niethoxy-7-(2-ethoxyethoxy)quina2o!lne 
hydrochloride (96mg, 3 1 %). 

'H NMR Spectrum: (DMSOd.) U5(t, 3H); 3.50(q, 2H); 3.8(1, 2H); 4.00(s, 3H); 4.30(t, 2H); 
15 7.35(s. 1H); 7.40(dd, 1H); 7.60(dd, 1H); 7.65(dd 1H); 8.25(s, 1H); 8.8(s, 1H); 1 1.53(s, 1H) 
MS -ESI: 392 [MH]* 

Elemental analysis: Found C 53.2 H 4.6 N 10.1 

C, 9 H„NjO,FCl 1HC1 Requires C 53.28 H 4.71 N 9.81% 

20 Example 2% 

Lithium borohydride (150ul of a 2M solution in THF, 0.15mmol) was added to a 
solution of 4-(4-chloro-2-fluoroamhi»)-7<emo^ 

(1 50mg, OJmmol) in THF (1ml) and the mixture stirred for 1 .5 hours. The reaction mixture 
was quenched with aqueous ammonium chloride solution and extracted with ethyl acetate. 
25 The combined extracts were washed with water, dried (MgSO«) and concentrated by 
evaporation. Hexane was added, the mixture was cooled and the precipitated solid was 

collected by filtration to give 4-(4-chloro-2-fluoroanilino)-7-(2-hydroxyethoxy)-6- 
methoxyquinazoline (30mg, 23%). 

'H NMR Spectrum: (DMSOd.) 3.82(t, 2H); 3.98(s, 3H); 4.18(t, 2H); 4.92(t, 1H); 7.20(d<L 1H); 
30 7.54-7.63(m, 2H); 7.72(s, 1H); 7.92(s, 1H); 8.60(s, 1H) 
MS - ESI: 364 [MHJ* 
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The starting material was prepared as follows: 

A mixture of 4<4-cWoro-2-fluoroamlmo)-7-hydroxy-6-memoxyquma2oline (3.0g, 
9mmol), (prepared as described for the starting material in Example 4), ethyl bromoacetate ' 
(1.1 lml, lOmmol) and potassium carbonate (2.84g, 20.6mmol) in NMP (60ml) was heated at 
5 90°C for 3 hours. The mixture was allowed to cool, diluted with water and extracted with 
ethyl acetate. The combined extracts were washed with water, dried (MgSO,) and 
concentrated by evaporation. Hexane was added, the mixture was cooled and the precipitated 
solid was collected by filtration to give 4-(4-chloro-2-fluoroanilino)-7- 
(emoxycarbonyImemoxy)-6-memoxyquinazoline (1.75g, 48%). 
10 'HNMR Spectrum: (DMSOdJ 1.20(t,3H);3.95(s,3H);4.18(q,2H);4.98(s,2H);7.08(s, 1H); 
7.30(dd. 1H); 7.48-7.58(m, 2H); 7.82(s, 1H); 8.34(s. 1H); 9.57(s, 1H) 

Example 24 

Diethyl azodicarboxylate (209mg, 1 .2mmol) was added dropwise to a suspension of 
15 4-(4-bromo-2-fluoroaniIino>7-hydroxy-6-methoxyquinazoline (146mg, 0.4mmol), 

triphenylphosphine (314mg, 1 .2mmol) and l-(2-hydroxyethyl)-4-methylpiperazine (86mg, 
0.6mmol), (prepared as described for the starting material in Example 1 7), in methylene 
chloride (5ml). The mixture was stirred for 1 hour at ambient temperature and the mixture 
was purified by column chromatography eluting with methylene chloride/metbanol (90/10 
20 followed by 80/20). The purified product was triturated with ether, collected by filtration and 
dried under vacuum. The solid was dissolved in methylene chloride and 3M ethereal 
hydrogen chloride (0.5ml) was added. The volatiles were removed by evaporation and the 
resulting oil was triturated with ether. The solid was collected by filtration, washed with ether 
and dried under vacuum to give 4-(4-bromo-2-fluoroanilino)-6-methoxy-7-(2-(4- 
25 metbylpiperazin-l-yl)ethoxy)quinazoUne hydrochloride (lOOmg, 41%). 

■H NMR Spectrum: (DMSOd,; CF,COOD; 60"C) 2.89(s, 3H); 3.55-3.7(m, 8H); 3.74(t, 2H); 
4.04(s, 3H); 4.68(t, 2H); 7.49(s, 1H); 7.55(m, IH); 7.56(s, 1H); 7.75(d, IH); 8.29(s, IH); 
8.84(s, IH) 
MS - EI: 490 [M]* 

30 Elemental analysis: Found C 43.9 H 5.1 N 11.0 

C^HyNABrF IH,0 2.7HC1 0.2ether Requires C 44.0 H 5.1 N 11.3% 
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The starting material was prepared as follows: 

A solution of 7-ben2yloxy-4-chloro-6^mcmoxyquina2oline hydrochloride (8.3 5g, 
24.8mmol), (prepared as described for the starting material in Example 4), and 4-bromo-2- 
5 fluoroaniline (5.65g, 29.7mmol) in isopropanol (200ml) was heated at reflux for 4 hours. The 
resulting precipitated solid was collected by filtration, washed with isopropanol and then ether 
and dried under vacuum to give 7-benzyloxy-4-(4-bromo-2-fluoroanilino)-6- 
methoxyquinazoline hydrochloride (9.46g, 78%). 

'H NMR Spectrum: (DMSOd,; CD,COOD) 4.0(s, 3H); 5.37(s, 2H); 7.35-7.5(m, 4H); 7.52- 
10 7.62(m, 4H); 7.8(d, 1H); 8.14(9s, 1H); 8.79(s, 1H) 
MS - ESI: 456 [MH]* 

Elemental analysis: Found C 54.0 H 3.7 N 8.7 

C n H, 7 0,N,BrF 0.9HC1 Requires C 542 H 3.7 N 8.6% 

A solution of 7-benzyloxy-4-(4-bromo-2-fluoroanilino)-6-methoxyquina2oline 

15 hydrochloride (9.4g, 19.1mmol) in TFA (90ml) was heated at reflux for 50 minutes. The 
mixture was allowed to cool and was poured on to ice. The resulting precipitate was collected 
by filtration and dissolved in methanol (70ml). The solution was adjusted to pH9-10 with 
concentrated aqueous ammonia solution. The mixture was concentrated to half initial volume 
by evaporation. The resulting precipitate was collected by filtration, washed with water and 

20 then ether, and dried under vacuum to give 4-{4-bromo-2-fluoroanilino)-7-hydroxy-6- 
methoxyquinazoline (5.66g, 82%). 

'H NMR Spectrum: (DMSOd,; CD,COOD) 3.95(s, 3H); 7.09(s, 1H); 7.48(s, 1H); 7.54(t, 1H); 
7.64(d, 1H); 7.79(s, 1H); 8.31(s, 1H) 
MS - ESI: 366 [MH]* 
25 Elemental analysis: Found C 49.5 H 3.1 N 11.3 

CuHnOjNjBrF Requires C 49.5 H 3.0 N 11.5% 

Example 25 

Diethyl azodicarboxylate (209mg, 1.2mmol) was added dropwise to a suspension of 
30 4-(4-bromo-2-fiuoroanilino)-7-hydroxy^-methoxyquina2oline (I46mg, 0.4mmol), (prepared 
as described for the starting material in Example 24), triphenylphosphine (314mg, 1 .2mmol) 
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and 4-(2-hydroxyethyl)moipholine (79mg, 0.6mmol) in methylene chloride (5ml). The 
mixture was stirred for 1 hour at ambient temperature and purified by column flash 
chromatography eluting with methylene chloride/methanol (95/5 followed by 90/10) to give a 
white solid. The solid was dissolved in methylene chloride/methanol and 2M ethereal 
5 hydrogen chloride (0.5ml) was added The mixture was concentrated by evaporation and the 
resulting precipitate was collected by filtration, washed with ether and dried under vacuum to 

give 4-<4-bromo-2-nuoroanilino)-6-mefhoxy-7-<2-morpho]inoethoxy)quinazo line 

hydrochloride (155mg, 70%). 

'H NMR Spectrum: (DMSOck CF,COOD) 3.3(t, 2H); 3.6(d, 2H); 3.75(m, 2H); 3.8(m, 2H); 
10 4.0(m, 2H); 4.03(s, 3H); 4.7(1, 2H); 7.5(s, 1H); 7.55-7.65(m, 2H); 7.8(d, 1H); 8.26(s, 1H); 
8.9(s, 1H) 
MS - EI: 477 [M.]* 

Elemental analysis: Found C 45.3 H 4.5 N 9.8 

C„H J ,N 4 O 3 BrF0.4H J O2.0HCl Requires C 45.2 H 4.5 N 10.0% 

15 

Example 26 

A solution of 7-(4-chlorobutoxy)-4-(4-chloro-2-fluoroanilinoH. 
methoxyquinazoline (3.64g, 8.87mmol) in morpholine (70ml) was heated at 1 10°C for 2 
hours. The mixture was allowed to cool and was partitioned between ethyl acetate and water. 

20 The organic layer was separated, washed with brine, dried (MgSO,) and the volatiles removed 
by evaporation. The residue was purified by column chromatography eluting with methylene 
chloride and methanol (92/8). The purified solid product was dissolved in methylene chloride 
and 3M ethereal hydrogen chloride was added. The volatiles were removed by evaporation, 
and the residue triturated with ether. The solid was collected by filtration, washed with ether 

25 and dried under vacuum at 60°C to give 4-(4-chloro-2-fluoroanilino)-6-metboxy-7-(4- 
morpholinobutoxy)quinazoline hydrochloride (3.8g, 78%). 

'H NMR Spectrum: (DMSOd,; CF,COOD) 1.85-2.0(m, 4H); 3.09(t, 2H); 3.2-3.3(1, 2H); 
3.46(d, 2H); 3.74(t, 2H); 4.0(d, 2H); 4.03(s, 3H); 4.27(s, 2H); 7.42(s, 1H); 7.46(d, 1H); 7.63(t, 
1H); 7.68(d, 1H); 8.2 l(s, 1H); 8.88(s, 1H) 
30 MS -ESI: 461 [MH]* 

Elemental analysis: Found C 50.8 H 5.3 N 10.0 
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5 



CjjH^OjCIFI^SHCIO^O Requires C 51.0 H 5.5 N 10.2% 

0.08ether 



The starting material was prepared as follows: 
A mixture of4-(4-cNoio-2-nuoroanilino)^ 
1 1 Jmmol), (prepared as described for the starting material in Example 4), I -bromo-4- 
chlorobutane (1.95ml, 16.9mmol) and potassium carbonate (4.66g, 33.8mmol) in DMF 
(75ml) was heated at 40°C for 4 hours. The mixture was allowed to cool and was partitioned 
between methylene chloride and water. The aqueous layer was adjusted to pH7 with 2M 
10 hydrochloric acid. The organic layer was separated, washed with brine, dried (MgS0 4 )and 
the volatiles removed by evaporation. The residue was purified by column chromatography 
eluting with methylene chloride/ethyl acetate (l/l). The purified solid product was triturated 
with pentane, collected by filtration and dried under vacuum to give 7-(4-chlorobutoxy)-4-(4- 
chloro-2-fluoroanilino)-6-methoxyquinazoline (3.64g, 79%). 
15 'H NMR Spectrum: (DMSOd,; CF,COOD) 1.9-2.1(m, 4H); 3.76(t, 2H); 4.01(s, 3H); 4.28(t, 
2H); 7.33(s, 1H); 7.46(d, 1H); 7.63(t, 1H); 7.70(d, 1H); 8.08(s, 1H); 8.88(s, 1H) 

Example 27 

A suspension of 4-(4-chloro-2-fluoroaniIino)-7-(3-chloropropoxy)-6- 
20 methoxyquinazoline (150mg, O.38mmol) in 1-methylpiperazine (2ml) was heated at 100°C for 
3 hours. The mixture was allowed to cool and was partitioned between aqueous sodium 
carbonate solution (pHl 1 .5) and ethyl acetate. The organic layer was separated, washed with 
brine, dried (MgSO«) and the volatiles removed by evaporation. The residue was dissolved in 
methylene chloride and ether was added. The resulting precipitate was collected by filtration. 
25 washed with ether and dried. The solid was dissolved in methylene chloride and 2.2M 

ethereal hydrogen chloride (1ml) was added. After concentrating to half of initial volume, the 
resulting precipitate was collected by filtration, washed with ether and dried under vacuum to 

give4-(4^hloro-2.fluoroaniIino)^.methoxy-7.(3-(4-methylpiperazin-l- 
yl)propoxy)quinazoline hydrochloride (158mg, 75%). 
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'HNMR Spectrum: (DMSOd,; CF,COOD; 60°C) 2.35(ra, 2H); 2.95(s, 3H); 3.43(t, 2H); 3J2- 
3.7(m, 8H); 4.03(s, 3H); 4.34(t, 2H); 7.41(s, 1H); 7.45(11, 1H); 7.6-7.7(m, 2H); 8.1 l(s, 1H); 
8.8(s, 1H) 

MS -EI: 460 (MH]* 

5 Elemental analysis: Found C 48.6 H 5.6 N 11.9 

CmHnNAFCI 0.7H I O2.75HCI Requires C 48.2 H 5.5 N 12.2% 

The starting material was prepared as follows: 

A mixture of 4-(4-chloro-2-fluoroanilino)-7-hydroxy-6-methoxyquinazoline 
10 (957mg, 3mmoI), (prepared as described for the starting material in Example 4) f l-bromo-3- 
chloropropane (2.36g, 15mmoI) and potassium carbonate (2.1g, 15mmol) in DMF (20ml) was 
heated at 40°C for 1 .5 hours. The mixture was allowed to cool, was diluted with water and 
extracted with ethyl acetate (3x50ml). The organic extracts were combined, washed with 
water and brine, dried (MgS0 4 ) and the volatiles were removed by evaporation. The residue 
15 was triturated with hexane/ethyl acetate, collected by filtration and dried under vacuum to 
give 4-(4-cWoro-2-nuoroamlino)-7-(3^hloropropoxy)-6-methoxyquinazoline (650mg, 55%). 
'H NMR Spectrum: (DMSOdJ 2.26(m, 2H); 3.82(t, 2H); 3.95(s, 3H); 4.26(t, 2H); 7.20(s, 
1H); 7.32(dd, 1H); 7.48-7.60(m, 2H); 7.80(s, 1H); 8.35(s, 1H); 9.52(s. 1H) 
MS -EI: 396 [MH]* 

20 

Example 2tt 

The following illustrate representative pharmaceutical dosage forms containing the 
compound of formula I, or a pharmaceutical^ acceptable salt thereof (hereafter compound X), 
for therapeutic or prophylactic use in humans: 



25 (a) Tabid! me/tablet 

Compound X 100 

Lactose Ph.Eur 182.75 

Croscarmeilose sodium 12.0 

Maize starch paste (5% w/v paste) 2.25 

30 Magnesium stearate 3.0 

(b) Tablet II me/tablet 
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Compound X 50 

Lactose Ph.Eur 223.75 

Croscarmellose sodium 6.0 • 

Maize starch 15.0 

5 Polyvinylpyrrolidone (5% w/v paste) 2.25 

Magnesium stearate 3.0 

(c) Tablet III me/tablet 

Compound X 1.0 

1 0 Lactose Ph.Eur 93.25 

Croscarmellose sodium 4.0 

Maize starch paste (5% w/v paste) 0.75 

Magnesium stearate 1 .0 



15 (d) Capsule me/capsule 

Compound X io 

Lactose Ph.Eur. 488.5 

Magnesium stearate 1 .5 

20 (e) Injection I (50 me/mH 

Compound X 5.0% w /v 

IN Sodium hydroxide solution. 15.0% v/v 

0.IN Hydrochloric acid 
(to adjust pH to 7.6) 

25 Polyethylene glycol 400 4.5% w/v 

Water for injection to 100% 



(i) Injection \] lOmg/mh 

Compound X 1 o% w/v 

30 Sodium phosphate BP 3.6% w/v 

0.1N Sodium hydroxide solution 15.0% v/v 
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Water for injection to 100% 



PCT/GB97/00SS0 



(g) Injection III ( lmg/ml buffered to dH6^ 

Compound X 0.1% w/v 

5 Sodium phosphate BP 2.26% w/v 

Citric acid 0.38% w/v 

Polyethylene glycol 400 3.5% w /y 

Water for injection to 100% 

10 Note 

The above formulations may be obtained by conventional procedures well known in 
the pharmaceutical art. The tablets (a)-(c) may be enteric coated by conventional means, for 
example to provide a coating of cellulose acetate phthalate. 
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CLAIMS 

] . A quinazoline derivative of the formula I: 

5 




(0 

10 (wherein: 

R* represents hydrogen or methoxy; 

R* represents methoxy, ethoxy, 2-methoxyethoxy, 3-methoxypropoxy, 2-ethoxyethoxy, 
trifluoromcthoxy, 2^,2-trifluoroethoxy, 2-hydroxyethoxy, 3-hydroxypropoxy, 2-(KN- 
dimethylamino)ethoxy, 3-(N,N-dimethylamino)propoxy, 2-morpholinoethoxy, 3- 
1 5 morpholinopropoxy, 4-morpholinobutoxy, 2-piperidinoethoxy, 3-piperidinopropoxy, 4- 
piperidinobutoxy, 2-(piperazin-l-yl)ethoxy, 3 T (piperazin-l-yl)propoxy, 4-(piperazin-l- 
yl)butoxy, 2-(4-methylpiperazin-l-yl)ethoxy, 3-(4-methylpiperazin-l-yl)propoxy or 4-(4- 
methy Ipiperazin- 1 -yl)butoxy; 

the phenyl group bearing (R 3 ), is selected from: 2-fluoro-5-hydroxyphenyL 4-bromo-2- 
20 nuorophenyl, 2,4-difluorophenyl, 4-chloro-2-fluorophenyl, 2-fluoro-4-methylphenyl. 2-fluoro- 
4-methoxyphenyl, 4-bromo-3-hydroxyphenyl, 4-fluoro-3-hydroxyphenyl, 4-chloro-3- 
hydroxyphenyl, 3-hydroxy-4-methylphenyl, 3-hydroxy-4-methoxyphenyl and 4-cyano-2- 
fluorophenyl); 
and salts thereof. 

25 

2. A quinazoline derivative as claimed in claim 1 wherein R' is methoxy. 
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3. A quinazoline derivative as claimed in claim 1 or claim 2 wherein the phenyl group 
tearing (R\ is 4-chloro-2-fluorophenyl or 4-bromo-2-fluorophenyl. 

4. A quinazoline derivative as claimed in any one of the preceding claims wherein 
5 R2 is methoxy, ethoxy, 2-methoxyethoxy, 3-methoxypropoxy, trifluoromethoxy, 2,2,2- 

trifluoroethoxy, 2-hydroxyethoxy, 3-hydroxypropoxy, 2-(N,N-dimethylamino)ethoxy, 3- 
(N^-dimethylamino)propoxy, 2-morpholinoethoxy, 3-morpholinopropoxy, 2- 
piperidinoethoxy, 3-piperidinopropoxy, 2-(piperazin-l-yl)ethoxy, 3-(piperazin-l-yl)propoxy, 
2-(4-methy]piperazin-l-yl)ethoxy, or 3-(4-methylpiperazin-l-yl)propoxy. 

10 

5. A quinazoline derivative as claimed in claim 4 wherein R2 is 2-methoxyethoxy, 2- 
moipholinoethoxy, 3-morpholinopropoxy or 2-(4-methylpiperazin-l-yl)ethoxy. 

6. A quinazoline derivative as claimed in claim 5 wherein R2 is 2-methoxyethoxy or 
IS 3-morpholinopropoxy. 

7. A quinazoline derivative as claimed in claim 1 selected from: 
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(2-methoxyethoxy)quinazoline, 
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(2-morpholinoethoxy)quinazoline, 

20 4K4-chloro-2-fluoroanilmo)-6-memoxy-7-(3-moroholinopropoxy)quinazoline, 
4-(4-cWoro-2-fluoroamlino)-6-memoxy-7^ 

4^4-bromo-2-fluoroanilmo)-6-memoxy-7-(3-morolK)linopropoxy)quinazoline 
and salts thereof 

25 8. A quinazoline derivative as claimed in claim 1 selected from: 

4-(4-bromo-2-fluoroanilino)-6-methoxy-7-(2-methoxyethoxy)quinazoline, 
4-(4-bromo-2-fluoroanilino)-6-metooxy-7-^ 

4-(4-bromo-2-iluoroanilino)-6-methoxy-7-(2-morpholinoethoxy)quinazoline 
and salts thereof 



30 
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9. A quinazoline derivative as claimed in any one of the preceding claims in the fonn 
of a pharmaceutically acceptable salt 

10. A process for the preparation of a quinazoline derivative of formula I or salt thereof 
5 (as defined in claim 1) which comprises: 

(a) the reaction of a compound of the formula III: 

L 1 



1 V r V^N 



10 J 



R 

R 2 ' v "N' 

(HI) 

(wherein R' and R J are as defined in claim 1 and L' is a displaceable moiety), with a compound 
15 of the formula IV: 

(R 3 )2 




NH 2 

20 

(IV) 

(wherein R s is as defined in claim 1 ) whereby to obtain compounds of the formula I and salts 
thereof; 

25 (b) for the preparation of compounds of formula I and salts thereof in which the group of 
formula II: 



(R h 

30 2 



(II) 



WO 97/32856 



-66- 



PCT/GB97/00550 



(wherein R J is as defined in claim 1) represents a phenyl group carrying a hydroxy group, the 
deprotection of a compound of formula V: 



5 



10 




(wherein R\ R 2 and R 3 are as defined in claim 1 and P represents a phenolic hydroxy 
protecting group); 

(c) the reaction of a compound of the formula VI : 

15 



20 




(wherein R' and R 1 are as defined in claim 1) with a compound of formula VII: 

25 R 4 -L' (VII) 

(wherein L' is as defined herein and R 4 is methyl, ethyl, 2-methoxyethyl, 3-methoxypropyl, 2- 
ethoxyethyl, trifluoromethyl, 2,2,2-trifluoroethyl, 2-hydroxyethyl, 3-hydroxypropyl, 2-(N,N- 
dimethylamino)ethyl, 3-(N,N-dimethylamino)propyl, 2-morpholinoethyl, 3- 
30 morpholinopropyl, 4-morpholinobutyl, 2-piperidinoethyl, 3-piperidinopropyl. 4- 

piperidinobutyl, 2-(piperazin- 1 -yl)ethyl, 3-(piperazin-l-yl)propyl. 4-(piperazin- 1 -yl)butyl, 2- 
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(4-methyl P ipe ra 2in.l-yl)ethyl > 3K4-memyl P ipera»n-l-yI)pro P y| or4<4-metoylpiperazin-l. 
yDbutyl); 

(d) the reaction of a compound of the formula VIII: 




10 

with a compound of the formula IX: 

R 2 -H 



(VIII) 



(IX)- 



15 (wherein L' is as defined herein and R', R J and R J are as defined in claim 1): 

(e) for the preparation of compounds of fonnula I and salts thereof wherein R* is R 5 C,. 
<alkoxy, (wherein R' is selected from methoxy, ethoxy, hydroxy, fcLN-dimethylamino, 
moipholino, piperidino, piperazin-l-yl or 4-methylpiperazin-l-yl) reacting a compound of the 
formula X: 



20 



(wherein L' is as defined herein. R' and R' are as defined in claim 1 and R' is C M alkoxy) with 
25 a compound of the formula XI: 
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R 5 -H (XI) 
(wherein R 5 is as defined herein); 

and when a salt of a quinazoline derivative of formula I is required, reaction of the compound 
5 obtained with an acid or base whereby to obtain the desired salt 



11. A pharmaceutical composition which comprises as active ingredient a quinazoline 
derivative of formula I or a pharmaceutically acceptable salt thereof as claimed in any one of 
claims 1 to 9 in association with a pharmaceutically acceptable excipient or carrier. 

10 

1 2. A method for producing an antiangiogenic and/or vascular permeability reducing 
effect in a warm-blooded animal in need of such treatment which comprises administering to 
said animal an effective amount of a compound of formula I or a pharmaceutically acceptable 
salt thereof as claimed in any one of claims 1 to 9. 

15 

13. A quinazoline derivative as claimed in any one of claims 1 to 9 for use as a 
medicament 
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